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Developing a High-Value Pima Cotton Production System for South Carolina 
Sarah K. Holladay 
Scientific Abstract 
 With current production of Pima cotton (Gossypium barbadense L.) in the United 
States being limited to the West, expanding cultivation into other parts of the country 
requires extensive research.  Pima cotton is extra-long staple cotton with superior and 
more valuable fibers than the more broadly cultivated species, upland cotton 
(Gossypium hirsutum L.).  With Pima cotton production once existing in South Carolina 
prior to the 1930’s and boll weevil (Anthonmus grandis grandis Boh.) invasion, it was 
hypothesized in this study that it could be cultivated in the state once again.  The 
objectives were (1) to identify pima genotypes in a two-year agronomic performance trial 
with acceptable yield and fiber quality when ginned by two different ginning methods; 
and (2) to evaluate pima genotypes under irrigated and dryland conditions and three 
planting dates in a two-year management trial.  Pima genotypes were compared to 
upland checks in both trials and in both years of the study for yield, fiber quality, and 
plant physiology.  In both trials, the upland checks yielded significantly higher than pima 
genotypes by approximately 50%; however, most pima genotypes had significantly 
better fiber quality.  Irrigation had no significant impact on lint yield in either year of the 
study.  Yield was significantly higher for the early date in 2019.  Few entries had a 
significant response to ginning method for fiber length and strength.  The top five pima 
genotypes had statistically similar net return values to the upland checks when priced at 
the base loan rate for pima ($0.95/lb) and upland ($0.52/lb).  However, further research 
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General Audience Abstract 
 In the United States, pima cotton is currently only produced in California, Arizona, 
New Mexico and Texas and accounts for only 3% of the total cotton production in the 
country, with the other 97% being upland cotton.  Pima has longer, stronger, finer, and 
more uniform fibers than the more commonly grown upland cotton, making it 
considerably more valuable.  The goal of this study was to determine if pima production 
could be successful in South Carolina, further boosting the economic impact cotton has 
on the state.  The main objectives of this study were to (1) identify pima genotypes that 
have acceptable yield and fiber quality when ginned by two different types of cotton gins, 
and (2) to determine if irrigation would be needed in order to cultivate the crop in South 
Carolina.  In the second objective, pima genotypes were also planted on three different 
planting dates (Late-April, Mid-May, and Late-May) in order to determine how early it 
should be planted to accommodate for its longer growing season. The pima genotypes 
were compared to upland checks in both trials for yield, fiber quality, and plant 
physiology.  In both trials the upland checks yielded significantly higher than the pima 
genotypes; however, the pima genotypes had significantly better fiber quality.  The top 
five pima genotypes had statistically similar net return values when priced at the 
respective base loan rates for pima ($0.95/lb) and upland ($0.52/lb) cotton.  Irrigation 
had no significant impact on lint yield in either year of the study and planting date only 
had a significant impact in 2019 with the early date producing more yield than the other 
two dates.  With yields being fairly low, it is difficult to determine whether or not pima 
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CHAPTER ONE 
LITERATURE REVIEW: ORIGIN, DISTRIBUTION, BIOLOGY, AND MANAGEMENT 
OF GOSSYPIUM BARBADENSE L. 
Origin and Distribution 
Gossypium barbadense L., commonly known as Pima, Sea Island, or Egyptian 
cotton, is believed to have originated in the Northwestern regions of South America.  
According to an allozyme study of 153 Pima accessions, Northwestern South America 
had the greatest genetic variability (Percy and Wendel, 1990).  This same study also 
indicated that there were separate diffusion pathways from the Northwest that lead into 
Argentina, Paraguay, and eastern regions of South America, eventually distributing into 
the Caribbean Islands and Central America (Percy and Wendel, 1990).  The first 
introduction of pima cotton in the United States was in 1790 grown by William Elliot on 
Hilton Head Island, South Carolina (McGowan, 1960), hence the name Sea Island 
cotton.  Production of pima eventually spread to northern parts of Florida and various 
coastal regions of South Carolina and Georgia in the early 1900’s, but only continued 
until the early 1920’s due to the invasion of the Boll Weevil (Anthonmus grandis grandis 
Boh.).  Most pima genotypes require a longer growing season to reach maturity 
compared to upland cotton (Gossypium hirsutum L.) varieties, which makes them more 
susceptible to boll damage from insect feeding, and potentially less profitable.  Through 
efforts to improve the fiber quality of high-yielding upland cotton varieties, lines were 
developed by the USDA-ARS at the Pee Dee Research Center in the 1930’s with 
successful introgression of some fiber quality traits from pima cotton varieties into upland 




grown in parts of the Southeast cotton belt until the 1950’s (Kumar et al., 2019).  
Currently, pima cotton is produced in the Southwestern United States where daily 
temperatures are generally higher than the Southeast (Pachepsky et al., 2009).  
California, Arizona, New Mexico and Texas are the only four states that currently 
produce pima cotton commercially.  These four states planted approximately 248,000 
acres of Pima cotton in 2018, which accounts for about 3% of the total cotton production 
in the United States (USDA-NASS, 2018).  However, on a global scale, the United 
States is one of the largest pima cotton-producing countries alongside China and India 
and accounted for an average of 38% of the total production of pima cotton in the world 
between the years of 2012 to 2017 (Tian et al., 2019).  
Biology 
Reproduction   
 Pima cotton, amongst the six other New world allotetraploids, has 52 
chromosomes resulting from the combination of 26 chromosomes from Old world A-
genome cotton and 26 chromosomes from New world D-genome cotton in a polyploidy 
event that took place approximately 1 to 2 million years ago (Hu et al., 2013).  
Allotetraploids can only hybridize with other allotetraploids and not with other diploid 
species (Porcher and Fick, 2005a).  For many years, scientists have attempted to 
combine the superior fiber quality of pima cotton with the high yielding potential of 
upland cotton, however success has been limited as crosses often result in hybrid 
sterility and hybrid breakdown in the F2 and later generations due to chromosomal 




 The corolla of Pima flowers is yellow in color at anthesis as opposed to white for 
upland species.  However, flowers from both species will turn a pinkish color within one 
day after pollination (Brubaker et al., 1999).  Reproductive development in pima 
genotypes is like that of upland varieties, with reproductive growth beginning with the 
formation of floral buds called squares.  Over the course of approximately 21 days, the 
pinhead square will develop into a match-head square, then a traditional square, 
followed by the candle stage of the flower, and eventually the bloom (Ritchie et al., 
2007).  Squaring time is highly temperature dependent.  Gipson (1974) studied squaring 
time in relation to nightly temperature and found no significant difference in days to 
square for plants grown under nightly temperature of 20°C or above, but did find a 
significant increase in days to square by approximately 2-5 days for plants grown under 
15°C nightly temperatures and 11 to 15 days for plants grown under 10°C nightly 
temperatures.  Once pollinated, (which usually occurs within a few hours of the flower 
opening), the bloom tag will typically fall off within 5 to 7 days as the boll begins to 
develop (Ritchie et al., 2007).  Cotton is primarily self-pollinating as its flowers are 
perfect and contain both male and female reproductive parts.  However, cross pollination 
can occur and is dependent on insect pollinators as the pollen is too heavy to be carried 
by the wind (Simpson, 1954).  Cross pollination is influenced by several factors including 
the ratio of insect pollinators to cotton flowers, the distance between unlike varieties, and 
the proximity and flowering time of other plants that attract insect pollinators (Simpson, 
1954).  Flower development begins at the base of the plant and proceeds in regular 
intervals vertically up the main stem and horizontally out on each branch.  Hesketh et al. 
(1972) reported the vertical flowering interval was 3 days and the horizontal flowering 




with fewer days between events as temperatures increase and a reciprocal response as 
temperatures decrease.  
 Cotton fibers initiate as extensions of single epidermal cells on the outer 
integument of the ovule (Bacic et al., 1988), and growth analysis studies have reported 
four distinct, yet overlapping phases:  1) initiation, 2) enlargement or elongation, 3) filling 
or secondary wall thickening, and 4) maturation (Graves and Stewart, 1988).  The 
enlargement stage is responsible for elongating the fibers on the seed and maximizing 
the volume of the boll and the amount of seeds developing within.  During the filling 
stage, the fibers discontinue elongation and the secondary wall of the fiber begins to 
form where cellulose is deposited inside to fill the void space, also known as fiber filling. 
The final maturation stage describes the period where the fiber and seeds reach 
complete maturation, boll dehiscence occurs, and eventually the boll opens (Ritchie et 
al., 2007).   
Fiber  
 Pima cotton produces extra-long fibers that are typically also greater in strength, 
uniformity and fineness (micronaire) than upland cotton.  These are all properties that 
contribute to the efficiency of the spinning process of fibers into premium textiles.  
Approximately 64% of the total cotton produced in the world goes toward clothing, with 
the remaining 36% going towards home goods and industrial use (Zhang et al., 2014).  
Cotton fibers are composed of approximately 96% cellulose (Lui et al., 2013).  While the 
cellulose content of pima cotton fibers is like that of upland’s, there are other chemical 
properties that have been noted to be different between the two species.  Lui et al. 




is part of a matrix responsible for regulating cell expansion and growth) in pima when 
compared to upland.  Each fiber developmental stage contributes to the length, strength 
and quality of the fiber. The initiation stage is responsible for the number of fibers on 
each ovule, the elongation stage is important in determining the length of the fiber, and 
the thickness (secondary cell wall synthesis) and maturation stage will determine how 
strong and fine the fiber will be (Tu et al.,  2007).   
 Fiber properties in the United States are generally measured on a High-Volume 
Instrument (HVI) and the measurements are used to class cotton based on their level of 
quality.  Fiber length is quantified by measuring the average length of the longest 50% of 
fibers, or the Upper Half Mean Length (UHML).  Fiber length is one of the most important 
properties of fiber quality as it contributes the most to the efficiency of spinning cotton 
into yarn and the quality of the yarn itself.  Pima cotton fibers typically range in length 
from 31.75 mm (1.25 inches) to approximately 50.8mm (2 inches) long, compared to 
upland cotton with lengths ranging from 22.35mm (0.88 inches) to 33.27mm (1.31 
inches) long (Cotton Incorporated, 2018a).  The most significant changes in fiber length 
usually occur during the elongation stage or within the first 20 to 25 days post anthesis 
(dpa) (Hseih, 2007).  Fiber uniformity, or the uniformity index (%), is a measure of the 
ratio between the UHML and the mean length of a sample of fibers.  Having a lower 
percentage of uniform fibers usually correlates with a higher prevalence of shorter fibers 
(Wang et al., 2017).  
  Fiber strength is primarily the result of secondary wall synthesis and is important 
for absorption of water and dyes when used in textiles (Haigler et al., 2012).  Fiber 




thousands of fibers.  This can also be performed using an HVI and is typically measured 
in units of grams/tex with lower classes of strength falling below 23g/tex and higher 
classes above 31g/tex for upland cultivars (Islam et al., 2016).  Pima cotton generally 
has stronger fibers than upland cotton and requires a minimum strength reading of 
37g/tex to avoid discounted fiber quality (USDA-FSA, 2019).  Micronaire and maturity 
ratio contribute the quantity of fibers in a bundle and in turn, affect the strength of a 
bundle of fibers (Islam et al., 2016).  Fiber strength is heavily affected by the 
environmental conditions during the boll filling stage of development.  In this stage of 
development, cellulose is added to the elongated fiber cells, increasing their strength 
and thickness each day, and can be negatively impacted by harsh temperatures, low 
amounts of water, and lack of nutrients (Ritchie et al., 2007).  This is because 
temperature contributes to the rate of photosynthesis, and when an increase in 
temperature occurs rapidly, secondary cell walls are made thicker, resulting in fewer, 
thicker fibers (Luo et al., 2016).  The most significant increase in fiber strength typically 
occurs between 30 and 70 dpa (Hseih, 2007).  Reddy et al. (1999) found that the boll 
growth rates were highest between 23°C and 26°C and boll size and maturation period 
decreased with higher temperatures. 
 Micronaire (unitless) describes the fineness and maturity of the cotton fiber and is 
important in textile production as it correlates with dye uptake and processing efficiency.  
Fibers that are too fine and immature, or a have a lower micronaire, are difficult to spin 
into yarn and are at a higher risk of breaking.  Fibers with a higher micronaire are 
generally less soft, produce fewer fibers in a bundle, and therefore have reduced fiber 
strength (Luo et al., 2016).  The premium range of micronaire values are between 3.7 




exist, however micronaire values need to exceed 3.5 in order to avoid discounted fiber 
quality (USDA-FSA, 2019).  Micronaire is measured by evaluating the decrease in 
pressure of air flowing through a known mass of fibers condensed to a known volume 
(Delhom et al., 2018).  A HVI is also capable of measuring micronaire but is unable to 
report maturity and fineness values separately.  The environment can heavily influence 
micronaire especially during the early stages of secondary cell wall synthesis as the 
linear densities (fineness) of the fibers are determined within the first 10 to 14 days of 
this developmental stage (Hseih, 2007).  Hesketh and Low (1968) studied the effects of 
different day/night temperature regimes on components of yield and fiber quality and 
found that micronaire values decreased when grown under temperatures that exceeded 
33°C day and 28°C nightly temperatures.  
 In the United States, the USDA has an official standards of color grade for 
American upland and American pima cotton.  Color grade is measured by evaluating the 
reflectance and yellowness of cotton.  The higher the color grade of cotton, the lower the 
market value due to the cotton’s inefficiency to retain dyes.  Environmental conditions 
can heavily influence color grade in cotton (Matusiak and Walawska, 2010).  There are 
30 different color grades consisting of two-digit numbers for upland cotton with the first 
number accounting for reflectance and the second for yellowness.  For pima cotton there 
are only six different grades of color (Delhom et al., 2018).  
 Fiber quality and yield quantity is inconsistent throughout all the bolls on a cotton 
plant. Typically, bolls located lower on the plant and closer to the mainstem have 
improved fiber quality and higher yields.  A boll located in the “first position” refers to a 




contribute up to 45% more yield across populations of three plants per foot of row than 
second position bolls (Ritchie et al., 2007).  Bolls located between the 8th and 13th node 
on the mainstem contribute to the majority of the final yield (Davidonis et al., 2004).  
Bradow et al (1997) found that bolls in the first position produced almost 51% more 
seed-cotton yield than bolls in the second position under rain-fed conditions and 
approximately 36% more seed-cotton yield than second position bolls under irrigated 
conditions.  This is likely due to competition within the plant for carbohydrates and 
nutrients.  The first position bolls receive important nutrients first, while the other fruiting 
positions increasingly demand the same supply of assimilates.  This is true for fruiting 
branches as well, as fruiting branches lower on the plant begin to receive nutrients, the 
plant begins to slow down the development of vegetative branches and reproductive 
branches higher up (Hanan and Hearne, 2003).  
 Enhancing fiber quality in cotton has been an important goal for breeders for 
many years.  Fiber quality traits are controlled by multiple genes and are affected by the 
environment in which the cotton is grown.  With high-yielding upland cotton being the 
primary species of cotton grown in the world, introgressing the superior fiber traits from 
pima cotton into upland cultivars through interspecific hybridization has been attempted 
in dozens of studies, but unfortunately has been generally unsuccessful due to hybrid 
breakdown in the F2 and later generations (Zhang et al., 2014).  There have also been 
more than a thousand fiber quality QTL published for use in breeding studies.  However, 
using them in marker-assisted backcrossing has had limited success due to a high 
prevalence of background noise which is difficult to reduce if unable to backcross 
beyond the F2 and later generations.  Yu et al. (2013) developed a backcross inbred line 




and was able to stabilize the desired fiber quality genes transferred from pima into 
upland by backcrossing and selfing and identifying QTLs.  Wang et al. (2012) developed 
a chromosome segment introgression line (CSIL) population of 174 lines in hopes to 
identify additive, epistatic, and stable QTLs for fiber quality that can further be used for 
marker-assisted selection (MAS) in cotton breeding.  Wang et al (2012) identified 43 
additive, 6 epistatic, and 6 stable QTLs across various environments, and most of the 
QTLs identified were consistent with other studies.   
Leaves 
   Leaf area and thickness are two physiological properties of the cotton plant that 
contribute to photosynthetic rate, transpiration rate, water deficit, productivity, and plant 
temperature.  Thicker leaves generally are lower in temperature and exhibit high 
irradiance, and a higher rate of photosynthesis than leaves with a larger leaf area (Pauli 
et al., 2017).  Pima cotton leaves are broader and thinner than leaves of upland cotton.  
This is due to a thicker palisade layer in upland varieties, suggesting that pima plants 
have a lower rate of photosynthesis than upland (Wise et al., 2000).  Wise et al. (2000) 
conducted a study comparing the leaves of pima to leaves of upland and found that the 
pima leaves were 39% larger than those of upland, and the upland leaves were 50% 
thicker than pima leaves.  Pauli et al. (2017) also found similar results where the upland 
varieties had thicker leaves than pima in a three-year study, but also that the pima 
leaves were significantly thicker under irrigated conditions as opposed to dryland.  
Another difference is that pima leaves usually consist of 3 to 5 lobes, while upland 




 Leaves of upland plants are heliotropic, meaning they move towards the direction 
of the sun as it rises and falls.  Pima leaves are stationary which may suggest that the 
shade they provide to other leaves assist in resistance to heat stress and help avoid 
photo-bleaching (Hejnak et al., 2015).  Advanced lines of pima cotton have higher 
stomatal conductance than that of upland varieties, allowing evaporative cooling 
properties to increase while decreasing the temperature of the leaf (Lu et al., 1994).  
This is especially important for pima cotton, as the plant is more sensitive to heat than 
upland.  Reproductive structures of pima cotton plants are more likely to become 
damaged at higher temperatures than upland cotton (Reddy et al., 1992).  Having higher 
stomatal densities may also suggest that pima is less sensitive to drought stress as the 
stomata are responsible for leaf transpiration and conductivity.  
Germination, Growth, and Development   
 The dry cottonseed contains the embryo and cotyledons and begins to germinate 
within hours of imbibing water through the seeds chalazal aperture of the seed 
(Christiansen and Moore, 1959).  Once cell growth and division begin to occur, a radicle 
forms from the micropyle and produces a taproot in the soil.  Through the process of 
epigeal germination, the hypocotyl pulls folded cotyledons from the ground, eventually 
exposing the epicotyl and apical meristem above the surface (Ritchie et al., 2007).  The 
apical meristem or primary axis of the plant remains vegetative throughout the entire 
growth process of the plant, and the axillary buds are responsible for producing 
vegetative branches (Monopodia) and reproductive branches (Sympodia) at the bases of 
each leaf on the plant.  In upland cotton, the first reproductive branch usually occurs 




the mainstem on nodes 8 or 9 (Porcher and Fick, 2005b).  Both vegetative and fruiting 
branch rate of production is dependent on temperature and water stress (Mauney, 
1986).  Guinn et al. (1981) observed a reduced rate of vegetative growth and square 
production when irrigation was delayed until two weeks after the first visible square.  The 
rate of many developmental processes was highly increased at 30°C compared to 18°C 
in Arizona (Mauney, 1986).  Once the seed has been established for about a week, the 
first true leaf will appear above the cotyledons, initiating photosynthesis for the energy 
required for vegetative growth.  Vegetative branches grow straight and erect and 
develop from nodes further down on the mainstem, while reproductive branches tend to 
grow in a zigzag pattern and typically occur on the sixth to eighth node of the mainstem 
(Ritchie et al., 2007).  Pima and upland cotton both have an indeterminant growth habit, 
which means the vegetative and reproductive growth occurs simultaneously during a 
portion of the growing season (Mauney, 1986). 
Management 
Pests of Gossypium spp.   
 Pima cotton is susceptible to similar pests and diseases found in upland 
varieties.  Thrips (genus Frankliniella), aphids (Aphis gossypii), stinkbugs (Nezara 
viridula, Acrosternum hilare, and Euschistus servus), whiteflies (Bemisia tabaci 
Gennadius, Bemisia argentifolii abutilonea, and Trialeurodes vaporariorum), several 
lepidopteran species, and spider mites (Tetranychus urticae Koch) are among the most 
common insect pests found in cotton varieties in the United States (Cotton Incorporated, 
2018b).  Thrips are considered an early season pest that are known to the attack leaves, 




(Muegge et al., 2001).  Excessive vegetative branching, delayed fruiting, reduced leaf 
area and plant height can all result from thrips infestations, due to the damage they 
cause on leaves and meristems (Zhang et al., 2013).  The damage to cotton seedlings 
from thrips becomes more of an issue when cooler weather conditions of spring are 
prolonged.  This problem is more severe in pima cotton because it is often planted 
earlier in the season to accommodate for its longer growing period (Godfrey et al., 
2014).  Due to thrips occurring earlier in the season, inspections for the pest should 
begin once approximately half of plants have emerged.  The decision to begin 
insecticide treatment should be determined by the number of thrips that are present and 
the stage of development the plant is in (Muegge et al., 2001).  
 Aphids (Aphis gossypii) are considered a mid-season pest but can occur during 
all stages of plant development (Muegge et al., 2001).  Aphids damage plants by feeding 
on the sap from the phloem tissue and secreting a form of honeydew (the excessive 
sugars from the sap), which causes the leaves to become sticky and sometimes develop 
a black fungus (Godfrey et al., 2000).  They are usually seen on the stems or undersides 
of the leaves, and if not treated, they can also be found on the bolls of the plant.  
Infestations of aphids increases the risk of leaves and squares shedding, reduce boll 
size, and interrupt fiber development, which reduces boll weight causing a decrease in 
yield (Muegge et al, 2001).  The quality of lint is at risk for contamination when late-
season outbreaks occur, due to the aphid’s release of honeydew (Cisneros and Godfrey, 
2001).  
 Stink bugs feed by inserting their mouthparts into the tissue and extract liquefied 




These stink bugs are highly polyphagous and in row crops systems, they prefer small 
grains and sorghum, so cotton is more susceptible when it is planted near these crops.  
Stink bug damage increases the risk of boll rot in younger bolls and can harden older 
bolls, making them more difficult to harvest.  The lint is also at risk of being stained by 
stink bugs when they are present (Greene et al., 2006; Herbert et al., 2009). 
  Whiteflies are an economically important pest for cotton production.  Like Aphids, 
whiteflies contaminate lint with honeydew, which reduces yield and quality of lint.  In a 
study observing whitefly populations in upland and pima cotton, Flint et al (1996) found a 
reduction in whitefly (Bemisia tabaci) density of 45 to 69% in 1993 and 22 to 36% in 
1994 in plots that underwent weekly irrigation as opposed to biweekly, suggesting that 
irrigation is an effective control method to minimize whitefly populations in cotton.  In the 
first year, the pima genotype (S-7) had noticeably less whiteflies at all stages of 
development than the upland variety (‘DPL-50’), suggesting that pima may be slightly 
more resistant to this pest than upland (Flint et al., 1996). 
  Several caterpillar species are responsible for detrimental yield losses as they 
feed on squares and bolls.  The cotton bollworm (Helicoverpa zea) and tobacco 
budworm (Heliothis virescens) are major lepidopteran pests of cotton in the 
Southeastern United States (Cotton Incorporated, 2018).  Early in the season, the cotton 
bollworm feeds on wild host plants until they begin to mature and dry out, then they will 
shift to nearby cotton (Boyd et al., 2004).  Due to bollworms and budworms being 
primarily fruit feeders, the most critical effects on production are seen after first bloom, 
but damage can occur at any stage of the plant’s development (Luttrell, 1994).  Most 




or the Bt-gene, which helps to prevent bollworm feeding and outbreaks and reduces the 
frequency of insecticide sprays.  When ingested by the host insect, 3d-Cry toxins interact 
with proteins in the mid-gut causing the cells of the membrane to die, leading to the 
death of the insect (Pardo-Lopez et al., 2013).  Bacillus thuringiensis technology has not 
yet been introduced to commercial pima varieties in the United States;  however, there 
has been an attempt to introgress the Bt-gene from upland species into some Egyptian 
barbadense species (Giza 80, Giza 89, and Giza 90) by crossing in a 2011 study that 
occurred in Egypt (Dahi, 2012).  In this study, the field performance of these three 
Egyptian varieties were evaluated for the presence of bollworm damage by collecting 25 
bolls from each replicate (four replicates total) at random each week for approximately 
three months and comparing the damage to non-Bt Egyptian checks.  Dahi (2012) found 
a much higher presence of bollworm damage in the non-Bt varieties when compared to 
the Bt cotton, indicating that the introduction of the Bt gene into these three Egyptian 
cultivars proved to be an efficient strategy for controlling lepidopteran pests in that area.  
There have been several other attempts to introgress the Bt-gene into pima cotton, 
however these accessions have not yet been commercialized even though transfer of 
the gene was successful.  
 Though there are 10 different species of spider mites known to attack cotton in 
the U.S., Tetranychus urticae Koch is the primary spider mite species seen in the U.S. 
cotton belt (Cotton Incorporated, 2018b).  Spider mites damage cotton plants by feeding 
on the epidermal cells on the underside of the leaves by using their stylets to remove cell 
contents. By feeding on the leaves, photosynthesis is reduced, and water loss is 
experienced as the leaf is damaged (Steinkraus et al., 2003).  Several species of thrips 




early in the season, spider mite outbreaks can still occur.  Beginning in early June, 
scouting for spider mites should be performed on a weekly basis to avoid damaging 
outbreaks (Steinkraus et al., 2003). 
 While insect pests are economically important to keep under control, weeds, 
nematodes and pathogens can also negatively affect production.  The major weed 
classes in the Southeastern cotton belt include grasses, broadleaves, and sedges.  
Weeds are important to control as they compete with cotton plants for light, nutrients, 
and water, which can negatively impact yield, fiber quality, and costs of production, while 
also providing habitats for diseases and insect pests (Ashigh et al., 2012).  Herbicide 
application is the most broadly adapted form of weed management, however several 
species of weeds have become resistant to herbicides over the years.  Today, most 
commercial cotton varieties have been genetically modified to be glyphosate-resistant or 
tolerant, allowing for more efficient weed management.  However, with the use of 
glyphosate-resistant cultivars came glyphosate-resistant weeds such as Amaranthus 
palmeri S. Watts., commonly referred to as Pigweed, and remains one of the most 
difficult weeds to control in cotton today (Manalil et al., 2017).  Commercially cultivated 
cotton varieties in the United States are considered “Round-Up ready” meaning they 
contain the Round Up-Ready Flex (RF) technology that makes them resistant to 
glyphosate.  Several commercial pima varieties also contain the RF traits making 
herbicide application on pima similar to that of upland.  As of 2004, approximately 70% 
of the cotton varieties cultivated in the United States were genetically modified for 
herbicide-resistance or resistance to lepidopteran pests (Koenning et al., 2004).  While 
transgenic cultivars are continuously evolving today, so are cultural management 




to weed control and is generally more beneficial to the soil and can be more cost 
efficient.  Practices such as crop rotation, the use of cover crops, conservation tillage, 
selecting appropriate varieties, increasing seeding rate, and ensuring clean cultivation 
can all help control or prevent a high prevalence of weeds in the field (Dogan et al., 
2014).  It is especially important to control weeds early in the season as the crop is more 
susceptible to reduction in vigor in the first 8 to 10 weeks after planting (Ashigh et al., 
2012).  
 Nematodes are parasites that are present in the soil and have the potential to 
damage cotton crops each year.  The four main species of nematodes in the US are the 
reniform (Rotylenchulus reniformis), southern root-knot (Meloidogyne incognita), sting 
(Belonolaimus longicaudatus) and Columbia lance (Hoplolaimus columbus), however the 
southern root-knot nematode is the most common species prevalent in the Southeastern 
cotton belt, and accounts for approximately 72% of the total yield losses due to 
nematode damage compared to the other three species (Koenning et al., 2004; Ortiz et 
al., 2010).  Nematodes can damage crops by feeding on the young roots and creating 
galls that limit water and nutrient absorption needed for plant growth, which can 
eventually negatively affect yields.  The feeding sites also facilitate the entry of 
pathogens into plant tissue making plant more susceptible to harmful diseases.  Very 
few resistant cotton varieties exist, but there are some management practices that can 
mediate the suppression of nematode populations.  The use of nematicides, such as 
aldicarb, is the most efficient method of nematode suppression (Wheeler et al., 1999).  
Several species of Bacillus have also been used to manage nematodes, some in the 




 Pathogens that effect cotton seedlings can be extremely detrimental to final 
yields.  In 1995, the United States experienced in substantial decline in yield by 
approximately 830,000 bales from seedling diseases (Wang and Davis, 1997).  The 
main pathogens that effect cotton seedlings in the Southeast include Rhizoctonia solani, 
Pythium spp., and Fusarium spp..  Seed treated with fungicides can help limit damage to 
seeds from these pathogens as well as planting in soils that are 68°F at 4 inches deep.  
In the Southeastern United States, crop rotation rarely prevents the presence of these 
pathogens as they are found in a variety of crops that are commonly grown in the region 
(Mueller, 2019).  Today Fusarium Wilt Race 4 (FOV4) and Verticillium Wilt (VW) are two 
of the most economically important soil borne diseases in the United States.  Fusarium 
Wilt Race 4, caused by Fusarium oxysporum f.sp vasinfectum, Race 4, is host-specific 
and was first spotted in California in 2001 and has since spread to areas in Texas and 
New Mexico.  Fusarium Wilt Race 4 has the potential to stunt plant growth, cause 
wilting, defoliation, and even reduce yields and fiber quality by causing plant death.  
Verticillium Wilt, caused by Verticillium dahliae, produces similar symptoms in plants but 
differs from FOV4 in the sense that it is non-host specific (Abdelraheem et al., 2020).  
Studies have shown that pima and acala cotton are more resistant or tolerant to VW 
than upland cotton, and there have been many breeding studies that have attempted to 
transfer VW resistance from pima to upland varieties (Zhang et al., 2012).  Aside from 
breeding resistance of the diseases into different new varieties of cotton, there are other 
practices that could help prevent the spread of the pathogens.  Ensuring that all soil and 
plant matter is removed from farm equipment before using that equipment in a different 
area where presence of the fungus is unknown or non-existent is important for 




seed from infected areas or obtaining “brown bag” seed as this type of seed is more 
likely to contain the disease (Isakeit et al., 2019).  It is also important to try to select 
varieties with known tolerance or resistance to disease before planting.  
Planting Date and Population Size 
 Pima cotton plants tend to have long fruiting branches with up to 8 fruiting sites 
per branch, so the optimum population is approximately 25,000 to 40,000 plants per acre 
(ppa).  In Arizona, plant populations that are higher than 50,000ppa have an increased 
risk of producing taller, more vegetative, and less fruitful crops (Silvertooth, 2001a).  
Pima generally requires a longer growing season than upland cotton to achieve 
maximum yields (Munk, 2001).  While the exact optimum planting date varies by 
location, some research suggests that planting pima early in soil conditions of 15 to 18°C 
(60 to 65°F) provides the best results in terms of yield (Silvertooth, 2001a).  In Arizona, 
Silvertooth (2001a) suggests that late March to early April is suitable for most areas.  In 
Texas, Kittock et al. (1981) compared the lint yield of four different varieties of pima 
cotton (Pima S-5, P-34, 79-103 and 79-106) in response to different planting date, and 
found that variety 79-103, which was planted earlier than the other three, had a 
significantly greater yield.  Pettigrew (2010) described two benefits for planting upland 
cotton early in Mississippi, part of the Midsouth cotton belt;  one being that it allows boll 
set to occur before the hotter, more extreme temperatures arise, and the second being 
that it allows for the blooming period to take place closer to the summer solstice which is 
the longest day of the year that provides the maximum amount of sunlight required for 
photosynthetic reactions.  Temperature is an important factor to consider when planting 




and maturation of bolls, and the vegetative growth throughout the development of the 
plant (Reddy et al., 1992).  Reddy et al (1992) found that the maximum rate of mainstem 
elongation in pima varieties occurred at 35/27°C (high and low temperatures), while 
upland’s maximum rate occurred at 30/22°C.  They found that pima did not produce any 
fruiting branches at 40/32°C, and less fruiting branches at 35/27°C than upland, who 
generally produced an equal amount of fruiting branches at all the temperatures that 
were tested (Reddy et al., 1992).  Silvertooth (2001a) used heat units to determine 
optimum planting dates in relation to temperature.  Under conditions with upper and 
lower limits of 30°C and 12.8°C in Arizona, a range of about 300-900 HU (accumulated 
from January 1st) was best for planting pima to increase yield.  It was noted that pima 
planted after 900 HU grew taller, with more vegetative branches and were less 
productive.  This decrease in productivity is likely due to a rapid accumulation of heat 
units in a short period of time and it caused the leaves to grow larger, internodal length 
to expand, and less frequent fruiting (Silvertooth, 2001a).  Munk (2001) studied the 
effects of plant density and different planting dates among plots of Pima S7 and found 
that this variety of pima had lower sympodial branch numbers when planting was 
delayed.  They also observed that plots with lower plant density produced more fruiting 
nodes than those of higher density (Munk, 2001).  The optimal planting date for cotton in 
the southeastern United States usually falls between mid-April and the first of June.  
Holekamp et al. (1960) found that germination rates were decreased significantly when 
planted in soils that did not have a 10-day average soil temperature of at least 15°C 




germination rates and for the plants to reach bloom period during the months with 
adequate rainfall. 
Irrigation and Fertility   
 Nutrient and water management are important for growing pima cotton because 
they help control vegetative and reproductive growth.  Nitrogen is an essential nutrient 
for cotton plants as it facilitates healthy leaf development that will provide the capacity of 
photosynthesis needed to support developing bolls.  Nitrate (NO3) is absorbed by the 
roots and transported by the plant’s xylem to the leaves and bolls.  Photosynthates are 
more likely to be distributed to the roots of the plant rather than the shoots, impacting 
plant growth, development, and eventually yields when levels of nitrogen are low in the 
soil (Sawan et al., 2009).  Balancing the amount of nitrogen put into the soil to facilitate 
boll growth with the amount of excess nitrogen prior to harvesting is important to 
manage because having excessive nitrogen at harvest is not advised for pima plants 
(Silvertooth et al., 2001b).  Pima is noted to be critically sensitive to excessive nitrogen, 
and levels should be managed to avoid unwanted excessive vegetative growth 
(Silvertooth, 2001a).  According to Pennington and Tucker (1984) pima cotton should 
have lower levels of petiole NO3 than upland levels to avoid having more vegetative 
growth than reproductive growth.  However, in terms of fiber quality, a study in Texas in 
1991 showed that pima cotton (S-7) benefited by increased nitrogen rates as a linear 
increase of micronaire was observed, which was not seen in the upland varieties 
(Tewold and Fernandez, 2003).  Fritschi et al. (2003) also observed a positive linear 
correlation with lint yield and nitrogen fertility levels.  Research on nitrogen levels in pima 




 Potassium (K) and phosphorus (P) are two other important nutrients that are 
essential for cotton growth and development, however there are also several 
micronutrients such as iron (Fe), manganese (Mn), boron (B), and zinc (Zn), that 
contribute to the efficiency of plant growth as well.  Improving potassium levels in soils 
that have low concentrations of the nutrient can help improve yield, boll size, boll 
number, crop maturity and even help suppress diseases such as verticillium wilt (Bennet 
et al., 1965; Minton and Ebelhar, 1991; Pettigrew, 2003; Pettigrew, 2008).  Fiber quality 
properties such as length, strength, micronaire and elongation have also been improved 
by adding potassium to potassium-deficient soils (Cassman et al., 1990).  
Concentrations of potassium need to be highest during the boll filling stage because the 
bolls require an efficient amount of potassium for fiber elongation by using the nutrient to 
maintain water pressure and pH levels at the cellular level during fiber development 
(Bazen et al., 2007).  Because potassium is stored in the leaves of the plant, deficiency 
of the nutrient can be observed by evaluating the appearance of the leaves.  The leaves 
will first display a yellowish color, eventually turning brownish-red and decomposing in 
the affected areas, possibly causing the entire leaf to shed, which in turn inhibits the 
leaves from performing basic photosynthetic activities that are essential for plant 
development (Abaye, 2019).  
  Phosphorus is a macronutrient that contributes to plant cell metabolism, boll size, 
time of plant maturity, boll development, and yield (Thelander and Silvertooth, 2000).  
Phosphorous deficiency in cotton plants can also lead to reduced leaf area, reduced rate 
of photosynthesis, and reduced accumulation of biomass (Singh et al., 2013; Radin and 
Edinbock, 1986).  Some studies suggest that a high presence of phosphorus in soils can 




activity.  Soils with a high pH level can also indicate lower levels of zinc in the soil 
(Thelander and Silvertooth, 2000).  Phosphorus is known as a relatively immobile 
nutrient, requiring the aid of mycorrhizal fungi located in the soil surrounding the roots of 
a cotton plant.  These fungi increase the interception of nutrients with low mobility, 
facilitating uptake of the element (Bazen et al., 2007).  The solubility of phosphorus in 
soil is highly influenced by soil temperature and pH level.  Colder soils with either a low 
or high pH level will experience decreased solubility and uptake by the roots of the plant 
(Bazen et al., 2007).  It is not well understood if a phosphorus deficiency negatively 
impacts fiber quality, however, there have been some studies that tested this.  Tewolde 
and Fernandez (2003) identified the impact of nitrogen and phosphorous deficiency on 
fiber quality of pima cotton and found that increasing the nitrogen content only slightly 
increased fiber length in one year of the study when there was a slight nitrogen 
deficiency in the soil, and increasing phosphorous content had no significant impact on 
fiber quality in either year of their study, suggesting that a slight deficiency in either of 
the nutrients should not negatively impact fiber quality in pima cotton.  
 There are several other secondary macronutrients and micronutrients that play a 
role in cotton development.  However, nitrogen, phosphorus, and potassium remain the 
most important and most studied in cotton.  It is important to note that the agricultural 
soils and cultivars of cotton are very different and demand different levels of these key 
elements.  Testing soils and plant tissues are the most efficient methods to determine 
whether applications of fertilizers are needed and to rule out other possible causes of 




 Pima grown in the western cotton belt is regularly irrigated as the climate in this 
region is dryer and far less humid than the southeast.  For example, Texas, one of the 
largest states in the cotton belt only receives approximately 50cm of precipitation 
annually, whereas South Carolina experienced an average of 119cm in 2019 (Raper et 
al., 2019; South Carolina State Climatology Office, 2019).  While irrigation may be 
slightly less crucial in the southeast, it is still very important to manage water stress.  
Water stress in cotton can lead to a higher rate of boll abortions if it occurs during 
reproductive development, reduced leaf area, reduced rate of photosynthesis, stunted 
plant growth, and eventually reduced yield (Pettigrew, 2004).  Carmo-Silva et al. (2012) 
measured the canopy temperatures of four pima cultivars under water-limited and well-
watered conditions in Maricopa, AZ at three different times of day, about once a week for 
4 weeks, and found that the canopy temperatures were significantly higher under water-
limited conditions than the well-watered conditions.  This study also demonstrated a 
decrease in specific leaf area under water limited conditions as opposed to well-watered.  
Fiber strength and length of bolls can also be negatively impacted by water stress in the 
early and middle boll set periods (Farahani and Munk, 2012).  To accommodate for high 
temperatures and limited water, cotton plants increase stomatal conductance to cool 
their leaves and allow the plant function more efficiently.  
 It is also important to avoid applying too much water to the crop.  Not only is 
applying irrigation when not needed very costly, but it also can negatively affect 
development.  When too much water is applied to cotton, risk of cutting off the air supply 
to the plant’s roots increase, affecting the functionality of the roots and their ability to 
absorb important nutrients correctly (Farahani and Munk 2012).  Farahani and Munk 




the plants to slow down growth during the boll set period, which prevents shading of 
lower branches that are important for providing photosynthates to other areas of the 
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YIELD PERFORMANCE AND FIBER QUALITY OF PIMA COTTON GROWN IN THE 
SOUTHEAST UNITED STATES 
ABSTRACT 
Commercial production of pima cotton (Gossypium barbadense L.) in the US is 
currently limited to the semi-arid western US and Texas.  Prior to the 1930s, pima cotton 
was produced in coastal regions of South Carolina, Georgia, and northern Florida in the 
southeast US.  However, in an effort to escape yield and economic losses due to the boll 
weevil (Anthonmus grandis grandis Boh.) which invaded the US in the 1920s, production 
of long-season pima cotton in the southeast US was eliminated and shifted to shorter-
season upland cotton (Gossypium hirsutum L.).  Today, the value of pima cotton fiber is 
nearly double that of upland cotton, making pima production highly desirable if it can be 
successfully cultivated in the southeast US.  In this study, our hypothesis is that pima 
cotton can be successfully cultivated in the southeast US due to the eradication of the 
boll weevil along with improvements in genetics and production practices.  To test this 
hypothesis, we evaluated the agronomic performance, fiber quality, and net economic 
return of 48 selected pima genotypes in field trials conducted during 2018 and 2019 in 
Florence, SC compared to two high-yielding commercial upland cultivars.  In addition, 
we evaluated the impact of ginning method (saw vs. roller) on fiber quality performance.  
On average, in comparison to upland cotton, lint yield of pima genotypes was reduced 
by half.  However, most of the pima genotypes produced higher fiber quality fibers 
compared to the upland checks.  Surprisingly, ginning method appeared to have little 
impact on fiber quality.  Net return analysis revealed no significant differences among 




genotypes in this study, indicating that the reintroduction of a pima production system in 
the southeast US may be feasible with more research.     
INTRODUCTION 
Cotton production in the US involves the cultivation of two species of Gossypium 
spp. with upland cotton (Gossypium hirsutum L.) being the most widely cultivated across 
the southern US.  Pima, Sea Island, Egyptian, or Extra-Long Staple cotton (Gossypium 
barbadense L.) is also produced in more arid regions of the western US.  On a global 
scale, pima cotton only accounts for approximately 3 to 5% of the total cotton production, 
while upland cotton accounts for the majority of the remainder (Fang, 2018).  In the early 
20th century, pima cotton was produced in the southeast US near the coasts of South 
Carolina and Georgia and in northern Florida.  William Elliot was the first person to 
cultivate pima cotton in the US at Hilton Head Island, South Carolina in 1790 (Mcgowan, 
1960).  In the early 1900s, farmers produced both upland and pima cotton until the boll 
weevil (Anthonmus grandis grandis Boh.) invaded the cotton belt causing growers to 
switch to producing only shorter-season upland cotton to escape yield and economic 
losses.  Later, in the 1930s, there were efforts to improve upland cotton fiber quality by 
introgressing fiber traits from pima into upland cultivars, but those cultivars were only 
grown until about the 1950s (Kumar et al., 2019).  Today, upland cotton remains the only 
species of cotton produced commercially in the southeast US, accounting for 
approximately $1.7 billion USD in 2019 with 1.2 million hectares planted across 
Alabama, Georgia, Florida, South Carolina, North Carolina, and Virginia (USDA-NASS, 
2020).  California began producing pima cotton in the late 1980s, as only one strain of 
upland cotton could be grown in the San Joaquin Valley from 1925 to 1978 in order to 




The production of pima cotton then expanded into Arizona, New Mexico, and Texas and 
production continues in those states today with a total of approximately 92,552 hectares 
planted in 2019 (USDA-NASS, 2019).   
For specialized textile applications requiring higher count yarns and premium 
fabrics, pima cotton is preferred over upland because pima cotton is known to produce 
longer, stronger, finer and more uniform fibers.  On average, upland genotypes range in 
fiber length from 22.4 to 33.3 mm, while pima fiber lengths range from 31.8 to 50.8 mm 
(Cotton Incorporated, 2018).  The minimum fiber length for pima cotton needs to exceed 
34.9 mm to receive a premium (USDA-FSA 2019).  Upland genotypes range in fiber 
strength with lower classes falling below 226 kN m kg-1 and higher classes above 304 kN 
m kg-1 (Islam et al., 2016).  Pima cotton has stronger fibers than upland cotton and 
requires a minimum strength reading of 363 kN m kg-1 to avoid discounted fiber quality 
(USDA-FSA, 2019).  The premium range of micronaire, which is a measure of fiber 
fineness and maturity, are between 3.7 and 4.2 for upland cotton while premiums for 
micronaire in pima cotton do not currently exist.  However, micronaire values for pima 
cotton need to exceed a minimum of 3.5 in order to avoid discounted fiber quality 
(USDA-FSA, 2019).  Due to its superior fiber quality and processing ability, pima cotton 
fiber is typically valued two times greater than upland cotton fiber (USDA-AMS 2020).  
Successful cultivation of pima cotton could boost the economic impact of cotton 
production in the southeast.  
Although upland cotton is most often ginned on a commercial saw gin, pima 
cotton is often ginned using a roller gin.  Roller ginning is usually more expensive than 




is important to preserve its premium fiber quality by using the gentlest ginning method 
possible.  Several studies indicate that roller ginning produces higher quality fibers than 
saw ginning (Armijo and Gillum, 2010).  Wanjera et al. (2012) found that fiber lengths 
were significantly improved for an upland genotype when ginned on a high-speed roller 
gin as opposed to a conventional saw gin.  The reciprocating knife roller gin, invented by 
Fones McCarthy, was the first major roller gin to be used beginning in the 1840s and 
was used almost exclusively on pima cotton (Thomas et al., 2008).  This type of roller 
gin uses a 20cm ginning roller that captures the lint and pulls the seed to a stationary 
knife that removes the lint from the seed more gently than the saw gin.  The 
reciprocating knife then dislodges and releases the seeds.  Roller gins of this type were 
only able to produce approximately 91 kg of lint per hour, whereas more modern roller 
gins used today, referred to as high-capacity roller gins, can produce close to 318kg of 
lint per hour by using a larger 38cm ginning roller (Thomas et al., 2008).  The high 
capacity roller gin used for ginning pima cotton in the US is referred to as a rotary-knife 
roller gin was invented by the USDA-ARS Southwestern Cotton Ginning Research 
Laboratory in Mesilla Park, New Mexico in the late 1950s and is commercially available 
by Lummus Corp. today (Armijo et al., 2017).   
 After nearly a century of only producing upland cotton in the southeast US, 
research on the adaptation, agronomic performance, and feasibility of producing pima 
cotton is needed to determine if it can be produced commercially in the region today.  
Today, most of the barriers that led to the shift away from pima to upland cotton 
production in the southeast US no longer exist, especially since the boll weevil has now 
been successfully eradicated from all cotton producing states east of Texas.  The main 




quality when grown in South Carolina, and to determine if roller ginning would be 
necessary to preserve its premium fiber quality.  
MATERIALS AND METHODS 
A two-year field study was conducted at the Clemson University Pee Dee 
Research and Education Center (PDREC) in Florence, SC in 2018 and 2019 on a 
Goldsboro loamy sand (fine-loamy, siliceous, subactive, thermic Aquic Paleudults).  The 
study was planted on 3 May 2018 and 1 May 2019 using a JD 7200 planter (John Deere, 
East Moline, IL) equipped with individual cone-planter units at a seeding rate of 13 seed 
m-2.   There were 50 total genotypes evaluated that consisted of two high-yielding, high-
fiber quality commercial upland checks (‘DP 1646B2XF’ and ‘PHY 444WRF’), five 
commercial pima genotypes (‘PHY 881RF’, ‘PHY 841RF’, ‘PHY 805RF’, ‘DP 358RF’ and 
‘DP 348RF’), and 43 pima accessions that contained Egyptian genotypes (GIZA 80, 
GIZA 67, GIZA 45, GIZA 4, MENOUFI, AFIFI, ASHABAD 8, ASHABAD 11, ASHABAD 
1615, KARNAK, KARNAK 55, and ASHMOUNI 235), American pima genotypes (PIMA 
S2, S3, S4, and S6), elite breeding strains (P 62, P 65, P 76, P 79) and two Sea Island 
genotypes (SEABROOK SEA ISLAND and PUERTO RICAN SEA ISLAND).  All pima 
genotypes used in this trial were previously evaluated in a non-replicated observation 
plot grown at the PDREC in 2016.  In 2015, seeds of 155 pima accessions were 
obtained from the USDA-ARS Cotton Germplasm Collection in College Station, TX, and 
grown at the PDREC in Florence, SC for observation in 2016 by visually evaluating the 
performance of the plants in the field.  Of all 155 accessions, 43 were selected based 
upon growth habit and number of bolls produced.  In 2017, seed was increased in 




The genotypes were planted in a randomized complete block design (RCBD) that 
contained four replications.  Genotypes were planted in two-row plots that were 0.97 m 
wide and 12.2 m long.  At planting, 0.84 kg ha-1 aldicarb [2-methyl-2-(methylthio) 
propionaldehyde O-(methylcarbamoyl) oxime] was applied in-furrow to aid with early-
season insect and nematode control.  Later, insecticide applications of 0.04 kg ha-1 of 
Lambda-cyhalothrin1 were made as needed to control Helicoverpa zea, Heliothis 
virescens, Euschistus servus, Nezara viridula, and Halyomorpha halys.  Also, at 
planting, a tank-mixture of 0.43 kg ha-1 of formesafen and 1.10 kg ha-1 of pendimethalin 
was soil applied pre-emergence to all plots.  Postemergence weed control was 
accomplished using post-directed applications of 2.30 kg ha-1 of monosodium acid 
methanearsenate and 0.85 kg ha-1 of prometryn.  All herbicide applications were applied 
uniformly at the appropriate time of crop development and hand-weeding was used 
when necessary to maintain weed-free plots.  Ammonium sulfate solution was applied at 
90 kg N ha-1 at the pinhead to matchhead square stage of development.  Plots were 
irrigated twice during the 2018 growing season with 2.54 cm applied on 9 July 2018 and 
2.54 cm on 16 July 2018 with an overhead lateral system equipped with low-pressure 
drop nozzles.  Plots were irrigated three times throughout the 2019 growing season with 
2.0 cm on 29 May 2019 and 2.54 cm on 2 July and on 8 August 2019.   
All 200 plots were harvested on 24 October 2018 (172 DAP) and 30 September 
2019 (152 DAP) using a Case IH 1822 (Racine, WI) two-row spindle-picker modified with 
an on-board weigh system for small research plots.  Each two-row plot was harvested 
and weighed, and samples of approximately 250 to 350 g of seed cotton (grab samples) 
were obtained for ginning and evaluation of fiber quality.  In 2019, in addition to the grab 




position bolls in the middle of the plant to provide cleaner samples with less trash/debris.  
Each sample (grab and hand harvested) was split into two equal portions, with one 
portion ginned on a laboratory 10-saw gin (Continental Gin Co., Prattville, AL) and the 
other at Olvey and Associates (Maricopa, AZ) on a roller gin (Lummus Corp., Savannah, 
GA).  In both 2018 and 2019, saw gin data from the grab samples were used to calculate 
the lint percentage or gin turnout (%) and lint yield on a kg ha-1 basis.  Gin turnout data 
were obtained from the roller ginning process in 2019, but not in 2018, and the hand-
harvested samples were only used to make the comparisons between ginning method 
on gin turnout in 2019.  All samples for roller ginning were obtained from grab samples in 
2018 and hand samples in 2019.  Following ginning, approximately 30 grams of lint was 
obtained from each ginning process for every plot and sent to the Texas Tech University 
Fiber and Biopolymer Research Institute in Lubbock, TX to be evaluated on a High-
Volume Instrument (HVI) each year.  Fiber properties determined from the HVI analysis 
included fiber length, fiber strength, micronaire, and uniformity.  Net return values were 
obtained from Cotton Incorporated’s Loan Calculator (Cotton Incorporated 2019) which 
combined the value of the lint (with the premiums and discounts for fiber quality 
included) and the value of the seed and subtracted the cost of ginning (saw) and 
harvesting.  
All data were analyzed with PROC MIXED, using JMP Pro 14.3 software 
(product of SAS Institute Inc., Cary, NC) with the random effect of block (nested within 
year), and fixed effects of year, genotype, and genotype × year.  Due to significant 
genotype × year interactions for lint yield and most fiber quality parameters, data were 
analyzed separately among the two years and reported as two distinct years.  In each 




and uniformity were separated using Fisher’s Protected Least Significant Difference Test 
at the 0.05 level of probability.   
In addition, differences in fiber length, strength, and micronaire between the saw 
gin and roller gin were calculated on a per plot basis.  In 2019 only, differences in gin 
turnout percentage between the roller and saw gin were calculated from hand-harvested 
samples on a per plot basis.  Mean differences among genotypes for each fiber quality 
parameter were tested using the same model.  Fiber length and strength data were 
combined over years as there were no significant genotype × year interactions for the 
differences.  The differences in micronaire were separated by year as there was a 
significant genotype × year interaction.  If the lower and upper confidence intervals for 
each mean difference for each fiber quality parameter did not include a value of zero, the 
two ginning methods were considered to be significantly different.  If the mean difference 
was positive for a genotype and the confidence interval excluded zero, the saw gin had a 
significantly higher value. If the mean difference was negative for a genotype and the 
confidence interval excluded zero, the roller gin had a significantly higher value.  For the 
net return analysis, pima genotypes were compared to the upland checks for both years 
of the study by using the pima base loan rate of $2.09 kg-1 and the upland base loan rate 
of $1.15 kg-1 and by using the upland criteria for premiums and discounts for both the 
upland and pima genotypes.  
RESULTS AND DISCUSSION 
There was a significant genotype × year interaction for both yield and fiber quality 
parameters (excluding saw ginned fiber length and micronaire data collected from grab 




2.1).  There were significant differences among genotypes for both yield and fiber quality 
parameters (Tables 2.2 and 2.3).   Lint yields were higher in 2019 compared to 2018, 
with a 37% increase between the two years (Tables 2.1, 2.2, and 2.3).  Growing 
conditions varied greatly between the two years of the study.  In 2018, the PDREC in 
Florence, SC experienced harsh weather conditions brought on by a major hurricane 
and tropical storm (Florence and Matthew) that brought heavy wind and rainfall prior to 
harvest.  This may explain the lower yields and fiber quality we experienced that year, as 
much of the bottom crop was lost to the storms.  In 2019, the weather conditions were 
optimal with adequate rainfall and temperatures throughout the growing season.  The 
trial mean for lint yield was 447 (± SE; 47.6) kg ha-1 in 2018 and 714 (± 44.1) kg ha-1 in 
2019.  In general, the upland checks produced approximately 60% higher yield than the 
pima genotypes in both years of the study.  In 2018, the upland checks averaged 1,118 
kg ha-1 and the pima genotypes averaged 419 kg ha-1.  In 2019, the upland checks 
averaged 1,682 kg ha-1 while the pima genotypes averaged 689 kg ha-1.  More 
specifically, the commercial pima genotypes had an average lint yield of 528 kg ha-1 
(2018) and 790 kg ha-1  (2019), the Egyptian genotypes averaged 364 kg ha-1 (2018) and 
656 kg ha-1 (2019), the American pima genotypes averaged 401 kg ha-1 (2018) and 614 
kg ha-1  (2019), the Sea Islands averaged 393 kg ha-1 (2018) and 766 kg ha-1  (2019), the 
elite breeding strains averaged 590 kg ha-1 (2018) and 780 kg ha-1 (2019), while the 
remaining pima genotypes averaged 399 kg ha-1 (2018) and  639 kg ha-1 (2019).  In 
2018, the elite breeding strains had a significantly higher (p = 0.0219) average lint yield 
compared to the commercial pima genotypes, when the other five groups of pima 
genotypes all had significantly lower (p < 0.0001) lint yields than the commercial pima 




island pima genotypes did not differ significantly (p = 0.7837 and p = 0.5016) from the 
commercial pima genotypes, while the other four groups of pima genotypes had 
significantly lower (p < 0.0001) lint yields than the commercial pima genotypes.  In both 
years, P 79 and E 14 were among the top six highest yielding pima genotypes with P 79 
having an average lint yield of 586 kg ha-1 (2018) and 865 kg ha-1 (2019) and E14 
averaging  583 kg ha-1 (2018) and 838 kg ha-1 (2019) (Tables 2.1 and 2.2).  The pima 
genotype, Bleak Hall, was the lowest yielding genotype in both years of the study, 
averaging 152 kg ha-1 (2018) and 82 kg ha-1 (2019).  The lint yield of some genotypes 
differed significantly between the two years explaining the significant genotype × year 
interaction shown in Table 2.1.  The Egyptian cultivar GIZA 4 fell below the top 20 
highest yielding pima genotypes in 2018 with an average lint yield of 426 kg ha-1 but was 
among the top six highest yielding pima genotypes in 2019 with an average lint yield of 
856 kg ha-1.  In 2018, P 76 and P 65 were the top two highest yielding pima genotypes 
with P 76 yielding 667 kg ha-1 and P 65 yielding 628 kg ha-1, but in 2019, P 76 was only 
the 18th highest yielding pima genotype with an average lint yield of 724 kg ha-1 and P 65 
was the 15th highest yielding pima genotype with an average lint yield of 746 kg ha-1 
(Tables 2.2 and 2.3).  The shift in ranking for lint yield was common for several other 
pima genotypes and highlights the influence of genotype by environment interaction (G x 
E), likely a consequence of poor adaptation to southeast US growing environments.  
The average gin turnout did not increase significantly from 2018 to 2019 on the 
saw gin with a trial mean of 37.3% (±1.09 in 2018 and ±0.42 in 2019) each year for grab 
samples; however, there were significant differences among genotypes each year 
(Tables 2.1, 2.2 and 2.3).  In 2018, the upland checks had an average gin turnout of 




average gin turnout of 46.1% while the pima genotypes averaged 37.0% (Tables 2.1, 
2.2, and 2.3).  The commercial pima genotypes had the highest gin turnout (p < 0.0001) 
of all the pima genotypes with an average gin turnout of 42.2% (2018) and 41.6% 
(2019).  The Egyptian genotypes had an average gin turnout of 34.7% (2018) and 34.8% 
(2019), the American pima cultivars averaged 37.0% (2018) and 37.1% (2019), the Sea 
Islands averaged 35.7% (2018) and 36.2%  (2019), the elite breeding strains averaged 
39.0% (2018) and 39.1% (2019), and the remaining pima genotypes averaged 36.7% in 
both 2018 and 2019.  
The net return values for the top five highest-yielding pima genotypes (using the 
pima-base loan rate of $2.09 kg-1) and the two upland checks (using the upland-base 
loan rate $1.15 kg-1) were all compared and no significant differences between the 
values were observed for either year of the study (p = 0.3470 in 2018 and p = 0.1666 in 
2019).  However, there were significant differences among all 50 genotypes each year 
(LSD0.05 = 222 in 2018 and 232 in 2019), where the pima accession P 76 had the highest 
net return of all the genotypes in 2018 with a net return of $1290 ha-1, and P 79 had the 
highest net return of all the pima genotypes in 2019 with a net return of $1665 ha-1.  The 
upland checks averaged a net return of $1056 ha-1 in 2018 and $1686 ha-1 in 2019 with 
DP 1646B2XF having the higher net return of the two each year, likely due to its high 
yield.  The range of net return values for the pima genotypes ranged from $245 to $1290 
ha-1 in 2018 and $146 to $1665 ha-1 in 2019 with Bleak Hall having the lowest net return 
both years (Tables 2.2 and 2.3).  In correlation with the higher lint yields in 2019, higher 
net returns also existed in 2019 with the trial mean increasing from $793 ha-1 (2018) to 
1304 ha-1 (2019).  While there were no significant differences in the net return for the top 




note that the net return values for the pima genotypes were calculated using the upland 
cotton criteria for premiums and discounts for fiber quality and by using the pima-base 
loan rate of $2.09 kg-1, which created the best-case scenario for marketing pima cotton 
in the southeast US.  Upland cotton criteria were used because the fiber lengths of most 
pima genotypes in the study were lower than the minimum requirement for pima cotton 
in the US.  If the pima cotton criteria for premiums and discounts for fiber quality were 
used, the net returns may have been lower and significant differences amongst the top 
five pima genotypes and the upland checks may have been recognized.  
Fiber length was significantly higher in 2019 with a trial mean of 33.0 (±0.62) mm 
in 2018 and 33.9 (±0.38) mm in 2019 for saw ginned grab samples (Tables 2.1, 2.2, and 
2.3) and 33.3 mm in 2018 and 34.5 mm in 2019 for roller ginned samples (data not 
shown).  In 2018, 35 pima genotypes had significantly longer fibers than the upland 
checks when grab samples were ginned on the saw gin.  In 2019, 44 pima genotypes 
had significantly longer fibers than the upland checks when grab samples were ginned 
on the saw gin.  The lowest yielding pima genotype, Bleak Hall, had significantly longer 
fibers than all other genotypes in both years of the study using either ginning method.  In 
2018, Bleak Hall had an average fiber length of 37.8 mm and in 2019 had an average 
fiber length of 39.3 mm when grab samples were ginned on the saw gin.  Both values 
exceed the minimum requirement for fiber length (34.9 mm) to receive the premium for 
pima cotton in the United States.  However, many pima genotypes did not meet the 
minimum requirement, despite having significantly longer fiber than the upland checks.  
In fact, only 3 pima genotypes exceeded the minimum requirement for fiber length in 
2018, and 10 exceeded the minimum requirement in 2019, which may suggest a lack of 




Fiber strength increased significantly in 2019 with a trial mean of 339 (± 7.96) kN 
m kg-1 in 2018 and 388 (± 6.97) kN m kg-1 in 2019 for saw ginned grab samples (Tables 
2.2 and 2.3).  All 48 pima genotypes had stronger fibers than the upland checks in both 
years of the study when using either ginning method.  The upland checks had an 
average fiber strength of 268 kN m kg-1 (2018) and 304 kN m kg-1 (2019), while the pima 
genotypes averaged 342 kN m kg-1 (2018) and 391 kN m kg-1 (2019).  In both 2018 and 
2019, the five commercial pima genotypes were among the top eight pima genotypes 
with the strongest fibers.  In 2018, the commercial pima genotypes had an average fiber 
strength of 385 kN m kg-1 and in 2019 had an average strength of 451 kN m kg-1.  The 
top eight pima genotypes with the strongest fibers in both years also included ASSILI 
(366 kN m kg-1 in 2018 and 457 kN m kg-1 in 2019) and P 76 (389 kN m kg-1 in 2018 and 
436 kN m kg-1 in 2019).  The minimum strength requirement to avoid discounted fiber 
quality is 363 kN m kg-1 for pima cotton in the US.  In 2018, only eight pima genotypes 
exceeded the minimum requirement for fiber strength, despite all having significantly 
stronger fibers than both upland checks.  However, in 2019, 40 of the 48 total pima 
genotypes exceeded the minimum requirement for fiber strength for pima cotton in the 
US, suggesting that the two hurricanes in 2018 may have negatively impacted fiber 
strength that year.  
Micronaire increased significantly between years with a trial mean of 3.5 (± 0.11) 
in 2018 and 4.0 (± 0.08) in 2019 for saw ginned grab samples (Tables 2.1, 2.2, and 2.3).  
The upland checks averaged micronaire values of 3.7 (2018) and 4.4 (2019), while the 
pima genotypes averaged 3.5 (2018 and 4.0 (2019).  The minimum requirement for 
micronaire for pima cotton in the U.S. is 3.5 in order to avoid discounted fiber quality.  In 




micronaire (3.5) and in 2019 all the pima genotypes (with the exception of Bleak Hall) 
met or exceeded the minimum micronaire requirement (Tables 2.2 and 2.3).  In both 
years, Bleak Hall had the lowest micronaire readings (2.7 in 2018 and 3.3 in 2019) of all 
the genotypes tested.  In addition to micronaire, fiber uniformity increased significantly 
between years with a trial mean of 83.2% (±0.58) in 2018 to 85.3% (±0.51) in 2019 for 
saw ginned grab samples (Tables 2.1, 2.2, and 2.3).  The upland checks averaged 
82.3% (2018) and 85.0% (2019), while the pima genotypes averaged slightly higher at 
83.2% (2018) and 85.3% (2019).  In 2018, 38 pima genotypes had numerically higher 
uniformity then the average of the upland checks, and in 2019, 33 pima genotypes had 
numerically higher uniformity than the average of the upland checks.  The Egyptian pima 
genotype, GIZA 45 had the most uniform fibers in 2018 with 84.9% uniformity (Table 
2.2), and the commercial pima genotype, PHY 881RF had the most uniform fibers of 
2019 with 88.2% uniformity (Table 2.3).  
The differences in ginning method on fiber length and strength did not have a 
significant genotype × year interaction; therefore data were combined over years.  Only 
seven of the 48 pima genotypes displayed a significant response to ginning method for 
fiber length, with six of them performing significantly better on the roller gin and one 
(ASSILI) performing significantly better on the saw gin (Table 2.4).  For fiber strength, 
only four showed a significant response to ginning method with all four having 
significantly stronger fibers on the saw gin (Table 2.4).  This may be due to the fact that 
samples ginned on the roller gin were cleaned with a lint cleaner prior to ginning, which 
may have affected fiber strength.  There were several genotypes that numerically 
showed longer or stronger fibers on one type of gin, but these differences were not 




Micronaire was clearly higher on the roller gin as opposed to the saw gin, and 
there was a significant difference between years and a significant genotype × year 
interaction (Table 2.5).  Micronaire was increased significantly on the roller gin in both 
years of the study with 31 genotypes producing significantly higher micronaire values on 
the roller gin in 2018 and 39 in 2019, with the exception of Bleak Hall which had a 
significantly higher micronaire on the saw gin in 2019 (Table 2.6).  The trial mean for 
micronaire was 3.8 in 2018 and 4.4 in 2019 for roller ginned samples (Table 2.6).  The 
significant interactions with year and genotype × year could also be related to the 
different weather conditions experienced between the two years where higher yielding 
environmental conditions in 2019 resulted in higher micronaire values as micronaire and 
yield are often positively correlated (Campbell et al., 2012). 
The trial mean for gin turnout was not significantly higher for the hand harvested 
samples (36.2%) compared to grab samples obtained from the cotton picker (37.3%) 
when ginned by the 10-saw gin in 2019 (Tables 2.3 and 2.7).  However, when hand 
harvested samples were compared between the two gin types in 2019 only, a total of 32 
genotypes had significantly higher gin turnout on the roller gin than the saw gin (Table 
2.7).  Armijo and Gillum (2007) reported similar results for an upland cultivar that had 
significantly higher gin turnout on two types of roller gins when compared to a saw gin.  
Although more than half of the pima genotypes showed a significant difference between 
ginning method in 2019 for gin turnout, the gin turnout of the upland checks did not differ 







While several pima genotypes performed adequately in the field, lint yields were 
substantially lower than the upland checks which represent two of the top-performing 
and most popular upland cultivars in the southeast US.  In 2019, PHY 444WRF 
accounted for approximately 3.3% of the upland cotton planted in the southeast US, 
while DP 1646B2XF accounted for approximately 35.6% (USDA-AMS 2019).  Hence, 
while the pima genotypes yielded lower, it is important to note that they were compared 
to two very adapted and widely cultivated commercial upland genotypes in the southeast 
US.  As expected, the majority of the pima genotypes had significantly better fiber quality 
than the upland checks in terms of fiber length and strength.  Bleak Hall, an accession 
that was once grown in Charleston, South Carolina, had the longest fibers of all 
genotypes in both years of the study but unfortunately yielded the lowest.  While the 
pima genotypes appeared to have much better fiber quality then the upland checks, 
many failed to meet the minimum requirements to avoid discounted fiber quality for pima 
cotton in the United States, suggesting a lack of adaptation to the southeast US.  
However, fiber quality was improved in 2019 when optimal weather conditions existed as 
opposed to the harsh weather conditions of the 2018 growing season.  Additional 
research on the adaptability of pima cotton to the southeast US may show further 
improvements in fiber quality when grown under more favorable growing conditions.   
In addition, ginning method appeared to have little effect on fiber length and 
strength but did show many significant differences for gin turnout percentage and 
micronaire with the majority of the genotypes having increased values on the roller gin 




met the minimum requirement (3.5) for micronaire to avoid discounted fiber quality when 
ginned by either ginning method, indicating that roller ginning may not be necessary to 
preserve the fiber quality of pima cotton produced in the southeast US.   
Although yields were low for the pima genotypes, this study was an informative 
initial step in the direction of reintroducing pima cotton production back into the 
southeast US.  However, more research is needed to determine if pima cotton 
production can be economically feasible in the southeast US.  This study allowed the 
identification of several promising pima genotypes with adequate yield performance and 
fiber quality for use in breeding studies aimed at developing new pima breeding lines 
with southeast US adaptation and/or improving the fiber quality of upland cotton.  
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Table 2.1 Tests of fixed effects for lint yield, gin turnout, fiber quality, and net return for 50 cotton genotypes 
evaluated in Florence, SC in 2018 and 2019 when ginned on a 10-saw gin and sampled from grab samples 
obtained from the cotton picker. 
Source of Variation df 




Year 1 184.8** 0.1 53.6** 433.8** 1364.6** 152.6** 196.5** 
Genotype 49 42.7** 29.5** 14.7** 31.0** 16.9** 6.2** 15.7** 
Genotype x Year 49 3.0** 1.0 0.88 2.0** 1.2 1.9** 2.8** 
Error df= 294 





Table 2.2 Lint yield, gin turnout, fiber quality, and net returns for 50 cotton genotypes grown at the PDREC 
in Florence, SC in 2018 when grab samples were ginned on a 10-saw gin. Genotypes are in order from 
highest to lowest net return in 2018.  
   










  (kg ha
-1) (%) (mm) (kN m kg-1 )  % $ ha
 -1 
P 76 PI 593684 667 40.5 32.7 268 3.6 84.0 1290 
DELTAPINE 1646B2XF --- 1281 45.9 30.7 267 4.0 82.2 1273 
P 65 PI 604383   628 39.3 34.3 317 3.7 83.3 1198 
P 79 PI 593687 586 38.2 34.0 345 3.7 83.7 1114 
E 14 PI 604456   583 37.7 32.9 376 3.6 83.5 1112 
PHYTOGEN 841RF --- 575 43.6 33.1 353 3.4 84.1 1082 
STD 5 --- 561 39.0 32.6 348 3.5 83.5 1048 
DELTAPINE 348RF --- 538 41.0 32.8 325 3.5 84.5 1006 
GIZA 80 PI 630111 528 36.4 33.3 349 3.7 83.8 998 
PHYTOGEN 805RF --- 526 43.5 32.1 366 3.5 83.5 991 
PHYTOGEN 881RF --- 504 42.9 33.2 333 3.5 83.7 959 
PIMA S6 (528) --- 504 42.6 32.8 342 3.5 83.1 951 
STD 4 --- 494 36.7 32.8 332 3.6 82.4 927 
P 62 PI 542773   481 38.1 32.1 326 3.7 83.8 914 
PHYTOGEN 444WRF --- 955 44.1 30.9 351 3.4 82.3 899 
DELTAPINE 358RF --- 495 39.9 32.9 376 3.1 84.3 895 
PIMA S3 K6564 PI 630114  469 37.7 31.3 386 3.6 82.2 882 
TADLA 116 492 PI 608194 456 34.4 33.5 342 3.5 83.4 867 
8327 PI 561923 455 38.0 33.3 341 3.4 84.2 850 
GIZA 67 PI 630108   445 36.4 34.0 330 3.6 83.2 835 




PIMA S6 (498) PI 608346 435 36.5 32.1 354 3.5 82.6 818 
85414 PI 561924   407 40.7 30.4 386 3.9 81.8 786 
89590 PI 599427 433 39.4 33.2 386 3.2 83.4 783 
ASSILI PI 528367 447 37.1 35.6 341 2.9 83.1 771 
FAUDU 928 PI 630078   408 34.0 33.1 401 3.5 82.8 764 
GIZA 4 ---   426 34.1 32.7 335 3.1 82.2 754 
PUERTO RICAN SEA ISLAND PI 152420   416 35.4 32.1 327 3.3 83.1 749 
85424 PI 561925 387 38.5 31.4 325 4.0 81.9 741 
7318-V PI 608177 390 37.6 33.0 340 3.5 83.2 736 
KARNAK PI 407504   402 35.2 33.5 374 3.4 83.4 731 
ASHABAD 1615 PI 608182   369 34.0 33.0 339 3.9 83.6 699 
SEABROOK SEA ISLAND PI 608348   370 36.0 34.9 325 3.6 84.1 699 
PIMA S4 PI 529533   405 34.3 33.6 337 2.9 83.3 697 
BARACAT ---   362 36.8 33.2 329 3.5 83.6 677 
CNH-67 ---   350 36.3 32.8 328 3.7 82.8 667 
9075 PI 630070   351 33.5 33.2 338 3.4 83.8 642 
ASHABAD 8 PI 608172   346 32.7 33.9 337 3.4 83.4 628 
MENOUFI PI 407506 331 34.6 32.6 325 3.5 82.6 620 
PALMYRA 27 PI 407507 327 36.0 30.4 357 3.5 81.2 618 
GIZA 45 PI 407501   334 33.7 34.0 337 3.4 84.9 615 
ASHABAD 11 PI 608197   344 36.5 33.9 324 3.0 84.5 605 
PIMA S3  PI 608211   318 35.3 34.4 317 3.4 82.6 586 
PILIONA 35 PI 636073 300 37.3 30.1 322 4.0 80.1 573 
AFIFI PI 630075   294 34.8 33.1 307 3.4 83.8 541 
ASHMOUNI 235 PI 630077   274 33.2 32.7 329 3.7 83.9 519 
RALEIGH STOCK PI 608120   280 34.4 34.3 335 3.4 84.0 511 
PIMA S2 K4781 ---   276 35.8 34.4 330 3.2 84.6 494 
KARNAK 55 PI 407505   270 34.8 32.2 316 3.3 81.5 489 
BLEAK HALL PI 608115 152 33.3 37.8 307 2.7 82.1 245 
 
 
Standard Error  47.6 1.09 0.62 7.96 0.11 0.58 85.7 
Trial Mean  447 37.3 33.0 339 3.5 83.2 793 
LSD (0.05)  125 3.0 1.8 22 0.3 1.6 222 
ƚ Net return calculated by adding together the value of the lint (with premiums and discounts for fiber quality 







Table 2.3 Lint yield, gin turnout, fiber quality, and net return for 50 cotton genotypes grown at the PDREC in 
Florence, SC in 2019 when grab samples were ginned on a 10-saw gin. Genotypes are in order from highest 
to lowest net return in 2019. 













  (kg ha-1) (%) (mm) (kN m kg-1)  % $ ha-1 
DELTAPINE 1646B2XF --- 1856 47.0 30.9 294 4.7 84.3 1856 
P 79 PI 593687 865 39.2 33.8 412 4.2 84.5 1665 
PHYTOGEN 805RF --- 850 42.4 33.7 449 3.9 86.4 1653 
PHYTOGEN 881RF --- 841 42.8 35.0 446 4.1 88.2 1636 
8327 PI 561923 846 39.0 34.2 396 4.0 85.1 1631 
E 14 PI 604456   838 38.5 33.6 401 4.0 85.7 1614 
GIZA 4 ---  856 34.3 33.3 359 3.5 84.7 1581 
89590 PI 599427 811 40.4 33.0 405 4.2 85.7 1569 
PHYTOGEN 841RF --- 800 42.5 34.0 459 4.1 86.9 1557 
85414 PI 561924   805 39.5 32.6 415 4.4 84.9 1552 
PHYTOGEN 444WRF --- 1510 45.2 31.2 313 4.1 85.8 1515 
P 62 PI 542773   786 38.5 31.6 373 4.2 82.4 1512 
SEABROOK SEA ISLAND PI 608348   786 36.1 34.7 418 4.0 85.2 1502 
ASSILI PI 528367 794 38.3 35.8 457 3.7 87.2 1497 
KARNAK PI 407504   771 34.8 34.9 393 3.8 86.0 1470 
DELTAPINE 348RF --- 748 40.6 33.5 459 3.9 86.5 1448 
P 65 PI 604383   746 40.0 35.9 417 4.1 86.5 1443 
PUERTO RICAN SEA ISLAND PI 152420   746 36.3 34.1 375 3.9 85.3 1428 
TADLA 116 K7427 --- 731 37.4 32.6 376 4.5 83.1 1401 
P 76 PI 593684 724 38.7 33.3 436 3.9 85.8 1396 
FAUDU 928 PI 630078   731 33.6 34.4 371 3.9 85.8 1389 
GIZA 67 PI 630108   710 37.6 35.1 394 4.1 85.9 1364 
PIMA S6 (528) --- 705 39.7 33.7 379 4.0 85.7 1362 
DELTAPTINE 358RF --- 712 39.8 34.1 442 3.7 86.3 1357 
ASHABAD 11 PI 608197   701 36.1 34.9 391 3.5 86.4 1342 
TADLA 116 (492)  PI 608194 682 35.0 34.0 372 4.1 85.4 1300 
PIMA S4 PI 529533   679 35.6 34.0 386 3.5 85.4 1270 
ASHMOUNI 235 PI 630077   664 33.0 32.8 380 4.2 85.3 1255 
GIZA 80 PI 630111 657 35.7 33.8 381 4.3 85.1 1255 
PIMA S6 (498) PI 608346 651 37.0 33.0 368 4.0 83.9 1243 
MENOUFI PI 407506 645 35.3 34.4 367 4.2 85.9 1231 
STD 5 --- 636 39.6 33.0 387 4.0 84.2 1226 
AFIFI PI 630075   641 35.6 33.5 365 4.0 85.3 1226 




7318-V PI 608177 622 35.3 33.7 376 3.9 85.0 1189 
CNH-67 ---   603 37.6 34.1 369 4.3 84.7 1156 
BARACAT ---   599 36.9 34.5 368 3.8 85.8 1149 
ASHABAD 8 PI 608172   597 34.6 35.2 373 3.9 86.4 1137 
ASHABAD 1615 PI 608182   599 32.9 33.4 384 4.6 85.0 1134 
PIMA S3 K6564 PI 630114  584 38.2 30.6 342 4.4 82.9 1122 
85424 PI 561925 563 38.9 32.2 389 4.4 82.9 1082 
PILIONA 35 PI 636073 562 35.4 31.6 382 4.5 83.3 1070 
PIMA S3  PI 608211   553 35.5 35.9 372 3.8 85.7 1055 
9075 PI 630070   555 33.9 34.4 380 3.9 86.1 1055 
PALMYRA 27 PI 407507 542 35.8 32.7 363 3.9 84.5 1035 
GIZA 45 PI 407501   545 33.5 34.6 371 4.0 85.9 1035 
PIMA S2 K4781 ---   512 36.4 35.4 389 3.7 87.3 981 
RALEIGH STOCK PI 608120   508 34.1 35.8 374 3.7 86.5 969 
KARNAK 55 PI 407505   487 34.8 34.1 369 3.6 84.1 929 
BLEAK HALL PI 608115 82 29.8 39.3 352 3.3 83.3 146 
 
 
Standard Error  44.1 0.42 0.38 6.97 0.08 0.51 82.9 
Trial Mean  714 37.3 33.9 388 4.0 85.3 1304 
LSD (0.05)  123 1.2 1.1 20 0.2 1.4 232 
ƚ Net return calculated by adding together the value of the lint (with premiums and discounts for fiber quality 
















Table 2.4  Genotypes displaying a significant response (p<0.05) to ginning method for fiber length and 
strength.  Fiber length and strength data were combined over years as there were no significant genotype × 
year interactions for the differences between the 10-saw gin and roller gin data.   
   
  Fiber Length (mm) 
Genotype PI No. Roller Gin Saw Gin 
8327 PI 561923 35.1* 33.8 
PALMYRA 27 PI 407507 32.8* 31.5 
GIZA 80 PI 630111 35.1* 33.5 
PIMA S3  PI 608211 36.8* 35.1 
PILIONA 35 PI 636073 32.5* 30.7 
BLEAK HALL PI 608115 42.7* 38.6 
ASSILI PI 528367 34.8 35.8* 
    
  Fiber Strength (kN m kg
-1) 
Genotype PI No. Roller Gin Saw Gin 
P 79 PI 593687 302 394* 
P 62 PI 542773 330 353* 
85424 PI 561925 340 362* 
TADLA 116 K7427 --- 342 359* 
*, Significantly different from the other ginning method at the 0.05 level of probability, respectively. 
 
 
Table 2.5 Tests of fixed effects for the differences between two ginning methods for micronaire values for 50 
cotton genotypes evaluated in Florence, SC in 2018 and 2019. 
Parameter df MS F-Ratio 
Year 1 0.66 9.28* 
Genotype 49 0.21 3.62** 
Genotype*Year 49 0.11 1.88** 








Table 2.6 Micronaire of genotypes displaying a significant response (p<0.05) to ginning method in 2018 and 
2019.  
 
   
  2018 2019 
Genotype PI No.  Roller Gin  Saw Gin  Roller Gin  Saw Gin 
  _____________Micronaire____________ 
DELTAPINE 1646B2XF --- 4.3* 4.0 5.1* 4.7 
ASHABAD 1615 PI 608182   4.0 3.9 4.9* 4.6 
PILIONA 35 PI 636073 4.2 4.0 4.9* 4.5 
TADLA 116 K7427 --- 4.2 4.0 4.9* 4.5 
85414 PI 561924   4.4* 3.9 4.9* 4.4 
PIMA S3 K6564 PI 630114  4.0* 3.6 4.6 4.4 
85424 PI 561925 4.1 4.0 4.7* 4.4 
GIZA 80 PI 630111 4.1* 3.7 4.6* 4.3 
CNH-67 ---   3.9 3.7 4.5 4.3 
P 62 PI 542773   3.9 3.7 5.0* 4.2 
ASHMOUNI 235 PI 630077   3.9 3.7 4.7* 4.2 
MENOUFI PI 407506 3.7 3.5 4.4 4.2 
89590 PI 599427 3.3 3.2 4.6* 4.2 
P 79 PI 593687 4.0* 3.7 4.7* 4.2 
TADLA 116 (492) PI 608194 3.9* 3.5 4.7* 4.1 
PHYTOGEN 841RF --- 3.8* 3.4 4.7* 4.1 
GIZA 67 PI 630108   3.8* 3.5 4.4* 4.1 
PHYTOGEN 881RF --- 3.9* 3.5 4.5* 4.1 
PHYTOGEN 444WRF --- 3.7* 3.4 4.8* 4.1 
P 65 PI 604383   4.1* 3.7 4.4* 4.1 
AFIFI PI 630075   4.0* 3.4 4.5* 4.0 
E 14 PI 604456   4.0* 3.6 4.5* 4.0 
STD 5 --- 3.7 3.5 4.4* 4.0 
PIMA S6 (498) PI 608346 3.8* 3.5 4.5* 4.0 
SEABROOK SEA ISLAND PI 608348   4.0* 3.6 4.4* 4.0 
GIZA 45 PI 407501   3.7* 3.4 4.1 4.0 
8327 PI 561923 3.7* 3.4 4.5* 4.0 
PIMA S6 (528) --- 3.8* 3.5 4.2 4.0 
FAUDU 928 PI 630078   3.9* 3.5 4.4* 3.9 
PUERTO RICAN SEA ISLAND PI 152420   3.5 3.3 4.2* 3.9 
PALMYRA 27 PI 407507 3.8 3.6 4.4* 3.9 




7318-V PI 608177 3.6 3.5 4.4* 3.9 
STD 4 --- 3.8* 3.6 4.4* 3.9 
DELTAPINE 348RF --- 4.0* 3.5 4.1 3.9 
9075 PI 630070   3.7* 3.4 4.1 3.9 
PHYTOGEN 805RF --- 3.8* 3.5 4.2* 3.9 
ASHABAD 8 PI 608172   3.6* 3.4 4.1 3.9 
BARACAT ---   3.7 3.5 4.4* 3.8 
KARNAK PI 407504   3.5 3.4 4.2* 3.8 
PIMA S3  PI 608211   3.6 3.4 4.5* 3.8 
RALEIGH STOCK PI 608120   3.4 3.4 4.0* 3.7 
DELTAPINE 358RF --- 3.6* 3.1 3.9 3.7 
PIMA S2 K4781 ---   3.6* 3.2 3.9 3.7 
ASSILI PI 528367 3.7* 2.9 4.2* 3.7 
KARNAK 55 PI 407505   3.4 3.3 3.9* 3.6 
ASHABAD 11 PI 608197   3.4* 3.0 3.8* 3.5 
PIMA S4 PI 529533   3.2* 2.9 3.9* 3.5 
GIZA 4 ---   3.4* 3.1 4.0* 3.5 
BLEAK HALL PI 608115 2.5 2.7 2.4 3.3* 
 
 
Standard Error  0.12 0.11 0.10 0.08 
Trial Mean  3.8 3.5 4.4 4.0 
LSD (0.05)  0.34 0.30 0.27 0.23 
      















Table 2.7 Comparisons of gin turnout between two ginning methods for hand harvested boll samples from 




PI No. ___________Gin Turnout (%) __________ 
 
Saw Gin Roller gin 
DELTAPINE 1646B2XF --- 48.7 49.9 
PHYTOGEN 444WRF --- 48.2 48.7 
PHYTOGEN 881RF --- 42.3 44.8* 
PHYTOGEN 841RF --- 41.8 44.9* 
PHYTOGEN 805RF --- 41.0 43.3* 
DELTAPINE 348RF --- 41.0 42.1 
89590 PI 599427 40.5 42.6* 
P 62 PI 542773 40.4 39.7 
DELTAPINE 358RF --- 40.2 41.6 
PIMA S6 (528) --- 39.4 40.2 
85414 PI 561924 39.0 41.1* 
P 79 PI 593687 38.8 41.7* 
STD 4 --- 38.7 40.2 
STD 5 --- 38.5 39.6 
E 14 PI 604456 38.5 40.7* 
P 76 PI 593684 38.2 40.7* 
P 65 PI 604383 38.0 40.5* 
8327 PI 561923 37.9 40.6* 
85424 PI 561925 37.5 39.5* 
PIMA S6 (498) PI 608346 37.1 39.2* 
ASSILI PI 528367 36.9 40.6* 
PIMA S3 K6564 --- 36.7 37.3 
GIZA 67 PI 630108 36.4 38.4* 
CNH-67 --- 35.9 36.8 
TADLA 116 K7427 --- 35.5 37.8* 
BARACAT --- 35.4 37.6* 
PIMA S4 PI 529533 35.4 36.5 
SEABROOK SEA ISLAND PI 608348 35.2 36.5 
PIMA S2 K4781 --- 35.1 36.7* 
PUERTO RICAN SEA ISLAND PI 152420 35.0 36.4 
AFIFI PI 630075 35.0 36.8* 
PILIONA 35 PI 636073 35.0 36.1 
PALMYRA 27 PI 407507 35.0 36.1 
GIZA 80 PI 630111 34.7 36.6* 




PIMA S3  PI 608211 33.6 36.1* 
KARNAK PI 407504 33.6 35.2* 
MENOUFI PI 407506 33.4 35.0* 
7318-V PI 608177 33.2 33.9 
TADLA 116 (492) PI 608194 33.0 35.9* 
RALEIGH STOCK PI 608120 32.6 34.4* 
GIZA 4 --- 32.5 34.6* 
FAUDU 928 PI 630078 32.4 34.0* 
KARNAK 55 PI 407505 32.3 34.1* 
ASHABAD 8 PI 608172 31.8 34.5* 
9075 PI 630070 31.4 32.4 
GIZA 45 PI 407501 31.3 32.9* 
ASHMOUNI 235 PI 630077 30.9 33.2* 
ASHABAD 1615 PI 608182 30.8 32.3* 
BLEAK HALL PI 608115 20.5 19.8 
 
 
Standard Error  0.61 0.54 
Trial Mean  36.2 37.9 
LSD (0.05)  1.6 1.4 
 






GROWTH, BOLL DEVELOPMENT, AGRONOMIC PERFORMANCE, AND FIBER 
QUALITY OF GOSSYPIUM BARBADENSE L. IN THE SOUTHEAST US COASTAL 
PLAIN 
ABSTRACT 
 Pima (Gossypium barbadense L.) is currently grown commercially in the western 
US and Texas, but low commodity prices and high input costs associated with upland 
(Gossypium hirsutum L.) cotton production has regenerated interest in the potential of 
pima production in the southeast US.  Due to limited experience and research with pima 
production in the southeast US Coastal Plain, our primary objective was to compare the 
growth, development, agronomic performance, and fiber quality of four pima genotypes 
to a high-yielding, high fiber quality commercial upland cultivar under irrigated and 
dryland conditions at different planting dates.  Lint yields of all pima genotypes were at 
least 50% less and also had lower lint percentages (38.0 to 42.4%) than the upland 
check genotype (45.7%); however, the pima genotypes had consistently lower 
micronaire values and increased fiber strength, length, and fiber uniformity than the 
upland checks.  Although irrigation did not significantly impact agronomic and fiber 
quality performance, plants grown under supplemental irrigation developed 10% more 
bolls throughout the season, with increases mostly occurring on monopodial branches 
and at mainstem nodal positions above node 15.  Bolls on pima genotypes were 13 to 
34% smaller than the upland check genotype and developed at more distal and higher 
nodal positions in the plant canopy.  The highest net returns were found in 2019 for all 




pima genotypes when grown in the southeast US.  Results from this study suggest that 
irrigation may not be required for pima cotton production in the southeast, early planting 
is preferred to obtain maximum yields, and increasing lint percent, boll number, or 
earliness through breeding may improve pima yields in the southeast US. 
INTRODUCTION 
  Currently, Gossypium barbadense L. (also known as pima, Sea Island, Egyptian, 
or Extra-Long Staple (ELS) cotton) is commercially produced on approximately 103,000 
hectares in California, Arizona, New Mexico, and Texas and comprises 3% of annual 
cotton production in the United States (USDA-NASS, 2018).  Pima cotton genotypes 
produce extremely long, strong, and fine fibers compared to upland genotypes, and the 
reported value of pima fibers is usually double that of upland cotton (Gossypium 
hirsutum L.) fibers, with upland base quality averaging $1.15 kg-1 in September of 2020 
while the base pima averaged $2.09 kg-1 (USDA-AMS, 2020).  Since the early-1930s, 
the US cotton belt has almost exclusively produced upland cotton.  However, prior to the 
1930s, pima cotton was a large part of production in the southeastern Coastal Plain and 
was most often referred to as Sea Island cotton.  Sea Island cotton was first introduced 
into the US from the West Indies in 1790 by William Elliott on Hilton Head Island, South 
Carolina and rapidly expanded in the early 1900s along the coastal regions of Georgia 
and South Carolina and into the northern region of Florida.  During this early period, the 
southeast was not only producing the later-maturing Sea Island cotton genotypes along 
the coast, but also planted the earlier-maturing upland genotypes at more inland 
geographic regions.  Historical records show that early breeding efforts with G. 




genotypes with the goal of developing new high-value Sea Island genotypes for the 
southeast US and was continued as part of the USDA Agricultural Research Service’s 
(ARS) initiative in 1935 to revitalize Sea Island cotton cultivation in the region (Culp and 
Harrell, 1974).  Unfortunately, Sea Island cotton cultivation in the southeast US declined 
over the next few decades due to the invasion of the boll weevil (Anthonmus grandis 
grandis Boh.) into the region from Mexico in the early 1920s and the Sea Island breeding 
program shifted direction to focus on breeding pima fiber quality into upland cotton 
(Campbell et al., 2011).  The majority of the Sea Island genotypes grown during this era 
required a longer growing season to reach maturity compared to upland cotton 
genotypes; this made Sea Island cotton more susceptible to boll damage from insect 
feeding and thus less profitable.  The final commercially produced Sea Island cotton in 
the southeast US was planted on Johns Island, SC in 1956 (Stephens, 1976; Kovacik 
and Mason, 1985).  Today, most of the barriers that led to the shift away from pima to 
upland cotton production in the southeast US no longer exist, especially since the boll 
weevil has now been successfully eradicated from all cotton producing states east of 
Texas.   
Production strategies for pima cotton are well established in the western US and 
Texas, but management information is lacking in the southeast and will be needed if 
pima is reintroduced into the region.  Pima generally requires a longer growing season 
than upland cotton to achieve maximum yields (Munk, 2001).  While optimum planting 
dates vary by location, planting pima early (late-March to early-April) in soil conditions of 
15 to 18°C provided the best results in terms of yield based on research in Arizona 
(Silvertooth, 2001).  In Texas, Kittock et al. (1981) compared the lint yield of four 




different planting dates and found that 79-103, which was planted earlier than the other 
three, had a significantly greater yield.  In Mississippi, Pettigrew (2010) reported that 
planting upland cotton early allowed reproductive development to occur during cooler 
temperatures and the flowering period to occur closer to the summer solstice, which 
provided the maximum amount of sunlight required for photosynthesis.  In South 
Carolina and the southeastern Coastal Plain, cotton is generally planted between mid-
April and the first week of June, but the optimal planting date for upland cotton is usually 
between early- and mid-May (Jones et al., 2019).  Holekamp et al. (1960) found that 
germination rates of upland genotypes were decreased significantly when planted in 
soils that did not have a 10-day average soil temperature of at least 15°C.  Norfleet et al. 
(1997) reported planting on the first of May in Alabama being optimal for high 
germination rates and for upland plants to reach bloom period during the months with 
adequate rainfall.  In growth chamber studies, Reddy et al. (1992) found that the 
maximum rate of mainstem elongation in pima genotypes occurred at 35/27°C (high and 
low temperatures), while the maximum rate for upland genotypes occurred at 30/22°C.  
Reddy et al. (1992) also found no differences in fruiting branch development between 
pima and upland cotton genotypes, except pima genotypes produced fewer fruiting 
branches at 35/27°C compared to upland genotypes and did not produce any fruiting 
branches at 40/32°C.  In Arizona, Silvertooth (2001) found that higher yields were 
produced with pima genotypes when planting occurred during a time when heat unit 
accumulation was in the range of 300 to 900 HU, and pima genotypes planted later with 
heat unit accumulations above 900 HU were taller, with more vegetative branches and 




planting dates and found ‘Pima S7’ had reduced sympodial branch development as 
planting was delayed.  
Pima grown in the western US cotton belt is regularly irrigated as the climate in 
this region is dryer and far less humid than the southeast.  For example, Texas, one of 
the largest states in the cotton belt, only receives approximately 50 cm of precipitation 
annually, whereas South Carolina experienced an average of 119 cm in 2019 (Raper et 
al., 2019; South Carolina State Climatology Office, 2019).  While irrigation may be 
slightly less crucial in the southeast, it can still be necessary to manage water stress.  
Water stress in upland cotton can lead to reduced leaf area, reduced rate of 
photosynthesis, stunted plant growth, a higher rate of square and boll abortion if it 
occurs during reproductive development, and eventually reduced yield (Pettigrew, 2004).  
Carmo-Silva et al. (2012) measured the canopy temperatures of four pima cultivars 
under water-limited and well-watered conditions in Arizona and found that the canopy 
temperatures were significantly higher under water-limited conditions.  This study also 
demonstrated a decrease in specific leaf area under water-limited conditions.  Fiber 
length and strength can also be negatively impacted by water stress in the early and 
middle boll set periods (Farahani and Munk, 2012).  Leaves of upland plants move 
towards the direction of the sun as it rises and falls, meaning they are heliotropic.  Pima 
leaves are stationary which may suggest that the shade they provide to other leaves 
assists with managing heat stress and helps avoid photo-bleaching (Hejnak et al., 2015).  
This is especially important for pima cotton, as the plant appears to be more sensitive to 
heat than upland genotypes.  Reproductive structures of pima cotton plants are more 
likely to become damaged at higher temperatures than upland cotton (Reddy et al., 




stomata) which may suggest that pima is less sensitive to drought stress as the stomata 
are responsible for leaf transpiration and conductivity (Wise et al., 2000).    
Leaf area and leaf thickness are two physiological properties of cotton that 
contribute to photosynthetic rate, transpiration rate, water deficit, productivity, and plant 
temperature.  Thicker leaves generally are lower in temperature and exhibit high 
irradiance, and a higher rate of photosynthesis than leaves with a larger leaf area (Pauli 
et al., 2017).  Pima cotton leaves are broader and thinner than leaves of upland cotton.  
This is due to a thicker palisade layer in upland cotton, suggesting that pima has a lower 
rate of photosynthesis than upland (Wise et al., 2000).  Wise et al. (2000) conducted a 
study comparing the leaves of pima and upland and found that pima leaves were 39% 
larger than those of upland and the upland leaves were 50% thicker than pima leaves.  
Pauli et al. (2017) also found similar results where upland genotypes had thicker leaves 
than pima, but they also found that pima leaves were significantly thicker under irrigated 
conditions as opposed to dryland.  Pima leaves have also been reported to have 3 to 5 
lobes, while upland genotypes tend to only have 3 lobes (Porcher and Fick, 2005).   
Management practices for the successful production of upland cotton in the 
southeastern US is already well-established and implemented in the region.  
Determining the optimal management practices for pima cotton in the southeast is an 
important step for reintroducing it into the region.  In this study, our primary objective 
was to compare the growth, development, yield performance, and fiber quality of four 
promising pima genotypes to a high-yielding, high fiber quality commercial upland 
cultivar. Secondary objectives were to determine the impact of planting date and 




MATERIALS AND METHODS 
Field studies were conducted in 2018 and 2019 at the Clemson University Pee 
Dee Research and Education Center in Florence, SC on a Goldsboro loamy sand (fine-
loamy, siliceous, subactive, thermic Aquic Paleudults).  Five cotton genotypes were 
sown at three different planting dates (early, normal, and late) and grown under irrigated 
and dryland conditions each year.  Three commercial pima genotypes (‘DP 348RF’, 
‘PHY 881RF’, and ‘PHY 841RF’), which are currently planted on the majority of the pima 
cotton acreage in the US (USDA-AMS, 2018), were chosen to provide high-yielding, high 
fiber quality comparisons to the other two genotypes selected.  Another pima genotype, 
P 62 (PI 542773), was selected based upon prior, preliminary data collected at the same 
location.   An upland commercial cultivar ‘DP 1646B2XF’ was also included as a 
standard for southeast US cotton production.  DP 1646B2XF has consistently produced 
high yields/high fiber quality in southeast US official variety trials (Jones et al., 2018) and 
is currently the most widely planted cultivar in the region (USDA –AMS, 2018).  The five 
cotton genotypes were planted at a seeding rate of 13 seed m-2 on 30 April in 2018 and 
2019 (early), on 14 May 2018 and 13 May 2019 (normal), and on 30 May 2018 and 29 
May 2019 (late) using a JD 7200 planter (John Deere, East Moline, IL) equipped with 
individual cone-planter units (Almaco, Nevada, IA).   
The experimental design was a four replicate randomized split-split-plot with 
irrigation as the main plot, planting date as the sub-plot, and genotypes as the sub-sub 
plot.  The study consisted of 120 two-row plots that were 96.5 cm apart and 12.2 m long.  
Irrigated plots received 2.54 cm of water on 9 July 2018 and on 16 July 2018 with an 




received 2.00 cm for the initial application on 29 May 2019 and 2.54 cm on 2 July and 8 
August 2019.  Dryland plots did not receive any supplemental irrigation in either year.  At 
planting, 0.84 kg ha-1 aldicarb [2-methyl-2-(methylthio) propionaldehyde O-
(methylcarbamoyl) oxime] was applied in-furrow to aid with early-season insect and 
nematode control.  Later, insecticide applications of 0.04 kg ha-1 of Lambda-cyhalothrin1 
were made as needed to control Helicoverpa zea, Heliothis virescens, Euschistus 
servus, Nezara viridula and Halyomorpha halys species.  At planting, a tank-mixture of 
0.43 kg ha-1 of formesafen and 1.10 kg ha-1 of pendimethalin was soil applied pre-
emergence to all plots.  Postemergence weed control was accomplished using post-
directed applications of 2.30 kg ha-1 of monosodium acid methanearsenate and 0.85 kg 
ha-1 of prometryn.  All herbicide applications were applied uniformly at the appropriate 
time of crop development for each planting date, and hand-weeding was used when 
necessary to maintain weed-free plots.  Depending on planting dates, 90 kg N ha-1 (as a 
urea ammonium sulfate solution) was applied beside each row at the pinhead to 
matchhead square stage of development.   
Above ground dry matter harvests were collected from 0.5 m2 of row from each of 
the late-April planted plots on 9 July and 24 July in both 2018 and 2019.  When a single 
harvest required more than 1 d for completion of the whole experiment, only complete 
replications were harvested on any single day.  The average day of the sampling dates 
for each harvest is presented.  Plant sample harvest varied from 6 to 12 plants m-2, 
depending on the genotype, and the aboveground portions of each sample were 
separated into leaves, stems (branches and petioles also), squares (floral buds), and 
bolls.  A leaf subsample consisting of the leaves from one representative plant was used 




meter (LI-COR, Lincoln, NE), and plant height, number of main-stem nodes, and 
monopodia numbers were recorded.  Samples were dried in a forced-air oven at 70 °C 
for 48 h, and the dry weights were recorded.  Traditional plant mapping was also 
performed at the end of each year to determine boll location, number of nodes and bolls, 
plant height, and boll retention (Jones et al., 1996).  Plants from 0.5 m2 of row from each 
of the 120 sub-sub plots were evaluated just prior to harvest each year, and plant height, 
node of the first fruiting branch, total number of nodes, and the location of each boll on a 
fruiting branch recorded.    
All plots were harvested with a two-row spindle-picker (Case IH 1822, Racine, 
WI) modified with an on-board weigh system for small research plots.  In 2018, the late-
April planted plots were harvested on 9 October or 162 DAP and the mid- and late-May 
planted plots were harvested on 25 October 2018 or 163 and 148 DAP.  In 2019, the 
late-April and mid-May planted plots were harvested on 1 October 2019 or 154 and 140 
DAP and the late-May planted plots were harvested on 5 November 2019 or 160 DAP.  
In both years, a 25-boll sample was collected from each plot for boll weight 
determination, and two 250 to 350 g subsamples of cotton were collected for ginning and 
fiber quality analysis.  One of the two subsamples of seed cotton was ginned using a 10-
saw gin (Continental Gin Co., Prattville, AL) while the other was ginned in Arizona at 
Olvey and Associates (Maricopa, AZ) on a roller gin (Lummus Corp., Savannah, GA). 
The gin turnout data from the saw gin were then used to calculate the lint yield on a kg 
ha-1 basis.   After ginning, approximately 30 g of lint was obtained for each plot and sent 
to the Texas Tech University Fiber and Biopolymer Research Institute (Lubbock, TX) to 
be evaluated on a High-Volume Instrument (HVI) each year.  Fiber properties 




uniformity, and elongation.  All data were analyzed using an analysis of variance in JMP 
Pro 14.3 software (product of SAS Institute Inc., Cary, NC) with PROC MIXED.  Random 
effects were block (nested within year), block (nested within year) × irrigation, and block 
(nested within year) × irrigation × planting date and block (nested within year) × irrigation 
× planting date × genotype.  The fixed effects consisted of a full factorial of year, 
irrigation, planting date, and genotype.  All means were separated using Fisher’s 
protected LSD at the 0.05 level of probability. 
RESULTS AND DISCUSSION 
 No differences in lint yield were found between irrigated or dryland treatments 
and no significant interactions were detected with irrigation, so lint yield data was 
combined over irrigation treatments (Tables 1 and 2).  In both years of the study, the 
upland check DP 1646B2XF consistently produced approximately 60% more lint yield 
than the four pima genotypes; however significant genotype x year, planting date x year, 
and planting date x genotype interactions were detected (Tables 1 and 2).  The Pee Dee 
area of South Carolina experienced very different environmental conditions between 
2018 and 2019, with two major tropical storms occurring prior to harvest in 2018 and 
more optimal harvest conditions existing in 2019 (Table 3).  Hurricane Florence 
impacted the study location in Florence, SC from 14 to 16 of September followed by 
Tropical Storm Michael on 10 and 11 of October in 2018.  In total, the storms provided 
35 cm of rainfall which led to difficult harvest conditions.  The unfavorable harvest 
conditions in 2018 associated with these two major storms was a possible factor that led 
to a reduction of the lint yield of DP 1646B2XF by 21% compared to 2019 but with only 




increased from 1161 to 1473 kg ha-1 in 2018 and 2019, respectively, while the lint yield 
of the four pima genotypes remained in the 459 to 587 kg ha-1 range.   
Lint yield response to planting date was also different in 2018 and 2019 and 
varied significantly depending on the genotype planted (Tables 3.1 and 3.2).  In 2018, 
few differences were found in lint yield among the three planting dates and there 
appeared to be no advantage or disadvantage to early or late planting.  However, in 
2019, the early planting date produced 20% more lint yield than the normal planting date 
and 14% more lint yield than the late planting date (Table 3.2).  Since late planted plots 
had mature, open bolls during the timing of the tropical storms in 2018, any advantages 
gained from planting pima genotypes early may have been negated with the weathering 
and exposure of the open lint to rainfall and high winds.  When averaged over years, 
delayed plantings appeared to decrease lint yield numerically by 7 to 9% for each two-
week interval of delay throughout the season (Table 3.2).  A significant planting date x 
genotype interaction was also detected for lint yield, with the late planting resulting in a 
14 to 19% decrease in lint yield of DP 1646B2XF and a 14 to 25% decrease in lint yield 
of P 62 when compared to the early and normal planting dates, respectively (Table 3.2).  
Lint yield of PHY 881RF and DP 348RF was not affected by planting date; however, 
PHY 841RF produced lower lint yield with the normal planting date (Table 3.2).  
Gin turnout was increased by irrigation in 2018 but not in 2019 (Table 3.4).  Gin 
turnout was not affected by planting date in 2018, but the late planting reduced gin 
turnout in 2019 when compared to earlier plantings.  In both years of the study, DP 
1646B2XF had higher gin turnout than the pima genotypes, averaging 45.4% in 2018 




and 37.5 to 41.8% in 2019.  The commercial pima genotypes PHY 841RF and PHY 
881RF had a higher gin turnout than the other two pima genotypes evaluated in this 
study.    
With the exception of micronaire, plants grown in 2018 had decreased fiber 
quality compared to 2019 (Table 3.4).  Fibers were 3% longer, 9% stronger, and 2% 
more uniform in the 2019 growing season.  When averaged over years, PHY 881RF and 
PHY 841RF produced longer fibers (33.9 and 33.7 mm, respectively) than the other two 
pima genotypes (33.1 and 32.2 mm) and the upland genotype (30.7 mm).  There was a 
significant genotype × year interaction detected for fiber length, with PHY 881RF, PHY 
841RF, DP 348RF having longer fibers in 2019 compared to 2018 and with DP 
1646B2XF having shorter fibers in 2019 compared to 2018 (Table 3.4).  The pima 
accession, P 62, averaged 32.2 mm fiber length and did not show a significant difference 
in fiber length between years.  Planting date and irrigation did not affect fiber length in 
either year of this study; however, there was a significant planting date × year interaction 
found where late planted cotton produced shorter fibers in 2018 and longer fibers in 
2019 (Table 3.4).  The minimum fiber length requirement for pima cotton in the US is 
34.9 mm to receive the premium for fiber quality (USDA-FSA 2019).  In this study, only 
one pima genotype (PHY 881RF) exceeded the requirement, despite all the pima 
genotypes having longer fibers than DP 1646B2XF, with a fiber length of 35.0 mm in 
2019 only.  When a one-sample t-test was performed, PHY 841RF was also not 
significantly different (p = 0.0931) from the minimum requirement with a fiber length of 
34.6 mm in 2019, compared to all other genotypes which differed significantly from the 





 Genotypes in 2019 had stronger fibers than in 2018, with the trial mean 
increasing from 367 kN m kg-1 to 401 kN m kg-1 (Table 3.4).  All pima genotypes had 
stronger fibers (50 to 76 kN m kg-1 stronger in 2018 and 76 to 150 kN m kg-1 stronger in 
2019) than the upland check in both years of the study.  DP 348RF had the strongest 
fibers both years (Table 3.4).  There was a significant genotype × year interaction for 
fiber strength, where only DP 348RF, PHY 841RF, and PHY 881RF had stronger fibers 
in 2019 compared to 2018.  There were no differences in fiber strength among the three 
planting dates in 2019, but there was in 2018 with the late planting date having stronger 
fibers than the early and normal planting dates. The late planting date effect in 2018 was 
possibly due to these late planted plots having closed bolls at the time of the storms so 
that fiber was not exposed to weathering.  Irrigation did not affect fiber strength in either 
year of the study (Table 3.4).  Pima cotton grown in the US requires a minimum strength 
reading of 363 kN m kg-1 to avoid discounted fiber quality (USDA-FSA, 2019).  In both 
years, all the pima genotypes exceeded the minimum requirement, ranging from 365 to 
391 kN m kg-1 in 2018 and 374 to 448 kN m kg-1 in 2019.  However, when a one-sample 
t-test was preformed to test the observed fiber strength to the minimum fiber strength 
requirement, only two pima genotypes (DP 348RF and PHY 881RF) had fiber strengths 
that were significantly higher (p < 0.05) than 363 kN m kg-1 in 2018.  In 2019, all four 
pima genotypes had significantly higher (p < 0.05) fiber strength the minimum 
requirement.  
 Higher micronaire values (4.2 in 2018 and 4.7 in 2019) were found for DP 
1646B2XF compared to the pima genotypes in both years of the study, indicating that 
the pima genotypes produced finer fibers than the upland check DP 1646B2XF (Table 




and DP 1646B2XF having higher micronaire values in 2019 than in 2018 (Table 3.4).  
However, there were no differences in micronaire between years (Table 3.1).  When 
averaged over years, there appeared to be a slight decrease in micronaire as planting 
was delayed; however, no significant differences were found between planting dates in 
2018.  In 2019, the early and normal planting dates had higher micronaire values than 
the late planting date (Table 3.4).  Irrigation had no effect on micronaire in either year of 
the study (Table 3.1).  The minimum micronaire requirement to avoid discounted fiber 
quality is 3.5 in the U.S. (USDA-FSA, 2019).  All pima genotypes exceeded the 
requirement in both years of the study with values ranging from 3.7 to 3.9 in 2018 and 
3.7 to 4.1 in 2019.  A one-sample t-test was performed to test the micronaire of each 
pima genotype to the minimum requirement of 3.5, and in 2018, all four pima genotypes 
were significantly higher (p < 0.0001) than 3.5.  In 2019, the micronaire values of P 62, 
PHY 881RF and PHY 841RF were all significantly higher (p ≤ 0.0002) than 3.5, and DP 
348RF was also significantly higher than 3.5 with a p-value of 0.0395.  
 Fiber uniformity was higher in 2018 than in 2019 (Table 3.1), with a trial mean of 
83.9% in 2018 and 85.3% in 2019.  With the exception of P 62, the pima genotypes had 
more uniform fibers than the upland check in both years of the study.  DP 348RF had the 
most uniform fibers in 2018 and PHY 881RF in 2019 (Table 3.4).  Pima genotypes 
ranged in uniformity from 83.8 to 84.4% in 2018 and 82.9 to 86.9% in 2019, while DP 
1646B2XF had 83.2% in 2018 and 83.7% in 2019.  Irrigation and planting date had no 
effect on fiber uniformity in either year of the study (Table 3.1).  
 Irrigated genotypes were 8% taller in 2018, but no differences in plant height 




6 cm taller than dryland genotypes (Table 3.5).  The pima genotype P 62 was the tallest 
of all the pima genotypes over both years but was not different than DP 1646B2XF in 
either year.  In 2018, the late planting date produced the tallest plants and in 2019 the 
early and normal planting dates produced the tallest plants.  Results from dry matter 
partitioning and leaf area measurements (Tables 3.6) showed the commercial pima 
genotype DP 348RF produced more leaves at late-bloom, with higher Leaf Area Index 
(LAI) and greater leaf dry weight (DW) at 85 DAP.  These differences were not seen 15 
days earlier at early-bloom as there were no differences found in LAI and leaf DW 
among the five genotypes at 70 DAP.  Overall, significant differences for dry matter 
parameters among genotypes were mostly seen from samples collected 85 DAP, with 
the exception of stem DW which showed DP 1646B2XF had higher stem DW than the 
pima genotypes at 70 DAP (Table 3.6).  With the exception of the pima genotype P 62, 
the upland check DP 1646B2XF also had more squares at early bloom and more bolls at 
late bloom compared to the commercial pima genotypes (Table 3.7).  This resulted in 
higher reproductive DW (148 g m-2) and a greater reproductive to vegetative ratio (RVR 
= 0.49) from samples collected at 85 DAP, indicating that pima genotypes appear to be 
slower transitioning from vegetative development into boll development.  Reproductive 
DW averaged 69 to 98 g m-2, and RVR averaged 0.22 to 0.31 at 85 DAP for the pima 
genotypes in this study (Table 3.7).  The increased reproductive DW in DP 1646B2XF is 
likely the result of larger boll size (Table 3.7).  DP 1646B2XF and pima accession P 62 
had more bolls than the commercial pima genotypes at 85 DAP (Table 3.7), but at the 
end of the season DP 1646B2XF had the lowest number of bolls when averaged over 
years (Table 3.8).  Thus, pima genotypes appear to mature and produce the majority of 




 Results from end of season plant mapping showed the early and normal planting 
dates produced more bolls (104 and 102 bolls m-2) than the late planting date (84 bolls 
m-2).  Irrigation had a significant effect on boll number where irrigated plots averaged 102 
bolls m-2 and dryland plots averaged 92 bolls m-2 (Table 3.8).  Supplemental irrigation 
increased boll number by 10% by the end of the growing season, with increases mostly 
occurring on monopodial branches and at mainstem nodal positions above node 15 
(Table 3.8).  However, this increase in boll number due to irrigation did not translate to 
increased lint yield.  The pima genotypes, P 62, DP 348RF, and PHY 881RF produced 
more bolls than DP 1646B2XF (Table 3.8).  However, DP 1646B2X produced larger 
bolls which likely explains the higher lint yield of DP 1646B2XF (Table 3.7).  Bolls on the 
pima genotypes were approximately 23 to 34% smaller than DP 1646B2XF and 
developed at more distal and higher nodal positions in the plant canopy (Table 3.8).  DP 
16464B2XF and the pima accession P 62 developed the majority of their bolls lower on 
the plant, between nodes six and ten, while the other three pima genotypes developed 
the majority of their bolls between nodes 11 and 15 (Table 3.8).  In both 2018 and 2019 
the early and normal planting dates produced more first-position bolls than the late 
planting date.  Irrigation had no impact on horizontal sympodial boll position.  In 2018, 
DP 348RF produced the most bolls in the first sympodial position (66 bolls m-2) and in 
2019 there were no differences between genotype and number of first position bolls 
(Table 3.5). 
 Net returns of the upland check DP 1646B2XF were higher than the four pima 
genotypes early and normal planting dates, except PHY 881RF which had a loan value 
of $1339 ha-1 for the normal planting date compared to $1164 ha-1 for DP 1646B2XF 




when cotton was planted late, and loan values were reduced to $951 ha-1.  The highest 
net returns were found in 2019 for the early planting date ($1325 ha-1). This 
demonstrates the importance of early planting for pima cotton production in the 
southeast US.  With the exception of PHY 841RF, which averaged $1228 ha-1 for the 
late planting date in 2019, net returns of all pima genotypes planting at the normal and 
late dates were lower than DP 1646B2XF (Table 3.9). 
CONCLUSIONS 
 Environmental conditions varied greatly between 2018 and 2019; however, the 
upland check DP 1646B2XF produced lint yields 52 to 63% higher than the pima 
genotypes. The pima genotypes also had lower gin turnout (38.0 to 42.4%) than the 
upland check genotype (45.7%), but consistently produced lower micronaire, increased 
fiber strength, increased fiber length, and improved fiber uniformity compared to DP 
1646B2XF.  The large difference in yield between the pima genotypes and the upland 
check DP 1646B2XF was not surprising as DP 1646B2XF has better adaptation to the 
southeast Coastal Plains accounting for approximately 36% of the cotton acreage 
planted in the southeastern US (USDA-AMS 2019).  As expected, this study 
demonstrates that pima cotton produced in the southeast US can produce fiber quality 
superior to upland cotton.  In addition, the pima genotypes evaluated in this study also 
demonstrated the ability to meet or exceed the minimum requirements for pima fiber 
strength and micronaire in order to avoid discounted fiber quality.  Unfortunately, only 
two of the pima genotypes (PHY 881RF and PHY 841RF) had fiber lengths equivalent to 
the minimum pima requirement in 2019 only.  This finding is likely a consequence of the 




companion study when a greater number of pima genotypes were surveyed, there were 
several other genotypes that achieved pima fiber lengths (Holladay et al., 2020). 
Irrigation had no significant impact on lint yield, fiber quality, or loan value in 
either year, which suggests that supplemental irrigation may not be necessary for 
successful pima production in the southeast US.  However, this study shows that 
planting date can impact production. The late planting date resulted in a 14 to 19% 
decrease in lint yield of DP 1646B2XF and a 14 to 25% decrease in lint yield of P 62 
when compared to the early and normal planting dates.  Reduced fiber lengths were also 
found for the late planting date in 2018 and gin turnout in 2019.  As planting date was 
delayed, fiber strength (2018) and micronaire (2019) also decreased.  The highest net 
returns were found in 2019 for all five genotypes when planted early ($1325 ha-1) and 
the highest lint yields for all five genotypes were observed with the early planting date in 
2019 (845 kg ha-1), demonstrating the importance of early planting for pima production in 
the southeast US.   
Although yields were low for the pima genotypes compared to the upland check 
DP 1646B2XF, this study was an informative initial step in the direction of reintroducing 
pima production into the southeast US.  Plant mapping and dry matter partitioning data 
revealed that, although pima cotton produced a greater number of bolls than upland 
cotton, a higher number of bolls did not translate to increased lint yield.  Although this 
could be a result of later maturity associated with pima cotton, this finding may serve as 
a target for improvement in pima production in the southeast US.  In general, more 
research is needed to determine if pima cotton production can be economically feasible 
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Table 3.1 Level of significance for lint yield, lint percent, fiber length, fiber strength, fiber uniformity, fiber 
elongation, micronaire, and loan value for five cotton genotypes grown at the PDREC in Florence, SC in 2018 
and 2019. Bolded numbers are statistically significant at the 0.05 level of significance or greater. 















Micronaire Loan Value 
Year (Y) 1 0.0934 0.3653 0.0002 <.0001 0.0007 <.0001 0.0904 0.1356 
Irrigation (Irr) 1 0.8649 0.0017 0.3410 0.4554 0.9260 0.3839 0.0902 0.8552 
Irr*Y 2 0.8400 0.0022 0.4898 0.4839 0.2184 0.6912 0.6789 0.7613 
Planting Date (PD) 2 0.1204 0.0122 0.9928 0.0007 0.1310 0.6261 <.0001 0.2733 
PD*Y 2 0.0165 0.0073 0.0048 0.0018 0.1905 <.0001 <.0001 0.0060 
Irr*PD 2 0.1080 0.6525 0.3184 0.0373 0.1142 0.2697 0.1931 0.1003 
Irr*Y*PD 4 0.1088 0.5024 0.4088 0.2582 0.2404 0.2129 0.0490 0.1212 
Genotype (G) 4 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
G*Y 4 <.0001 0.0908 <.0001 <.0001 <.0001 0.0127 <.0001 0.0615 
Irr*G 4 0.8000 0.1667 0.6763 0.9565 0.5230 0.4985 0.8963 0.6797 
Irr*G*Y 8 0.8779 0.5267 0.7388 0.9653 0.5069 0.3923 0.5564 0.7797 
PD*G 8 0.0012 0.1316 0.7837 0.9624 0.4992 0.4919 0.6677 0.0410 
PD*G*Y 8 0.1633 0.3387 0.5806 0.8789 0.0347 0.5722 0.5853 0.0787 
Irr*PD*G 8 0.5111 0.9922 0.9048 0.8429 0.5715 0.6481 0.4997 0.6324 
Irr*PD*G*Y 8 0.1839 0.2860 0.7770 0.6458 0.3697 0.9212 0.7267 0.6044 
Error df = 144 
 
Table 3.2 Lint yield (kg ha-1) of five cotton genotypes in response to planting date when grown at the 
PDREC in Florence, SC in 2018 and 2019.  Means averaged over two irrigation treatments. 
 Planting Date (PD)  
 Early Normal Late G*Y Mean G 
Genotype (G) 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean 
             
DP 1646B2XF 1297 1563 1430 1235 1480 1358 950 1377 1164 1161 1473 1317 
PHY 881RF 457 682 570 691 494 593 531 583 557 560 587 574 
PHY 841RF 471 639 555 550 376 463 553 634 594 525 550 538 
P 62 529 663 596 564 480 522 407 489 448 500 544 522 
DP 348RF 414 676 545 485 541 513 478 541 510 459 586 523 
             
PD Mean 634 845 740 705 674 690 584 725 655 641 748  



























Table 3.3 Monthly weather summary for 2018 and 2019 at the PDREC in Florence, SC. 
 Precipitation (cm) Thermal unitsƚ 
Month 2018 2019 2018 2019 
April 11.0 9.6 0 0 
May 13.0 3.5 5.5 7.5 
June 11.7 4.9 10.3 8.1 
July 11.5 15.4 10.1 11.6 
August 2.2 9.6 9.7 10.1 
September 30.6 9.2 10.7 7.7 
October 15.0 6.5 2.7 4.8 
November 12.7 6.3 0 0 
Ƚ[(max. Temp. + min. Temp.)/2] – 15.5 oC. 
 
Table 3.4 Gin turnout and fiber quality means for five cotton genotypes grown at the PDREC in 















 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 
           
Irrigation           
Irrigated 42.4 41.4 32.2 33.1 365 402 84.9 85.3 4.1 4.0 
Dryland 41.4 41.3 32.4 33.1 369 402 85.5 85.2 4.2 4.1 
LSD (0.05) 0.3 NS NS NS NS NS NS NS NS NS 
           
Planting Date           
Early 41.8 41.7 32.3 33.1 345 401 84.9 85.2 4.0 4.2 
Normal 42.0 42 32.6 32.7 371 400 85.5 85.2 3.9 4.1 
Late 42.0 40.4 32.0 33.5 385 404 85.2 85.4 3.9 3.7 
LSD (0.05) NS 1.3 0.7 0.7 16 NS NS NS NS 0.2 
           
Genotype           
DP1646B2XF 45.4 45.9 31.3 30.1 315 298 83.2 83.7 4.2 4.7 
PHY 881RF 42.3 41.6 32.8 35.0 387 445 84.1 86.9 3.8 3.8 
PHY 841RF 42.9 41.8 32.7 34.6 377 444 84.2 86.4 3.9 3.8 
P 62 38.4 37.5 32.2 32.2 365 374 83.8 82.9 3.8 4.1 
DP 348RF 40.6 39.9 32.5 33.6 391 448 84.4 86.4 3.7 3.7 





Table 3.5 Plant height, total nodes, and boll positions on sympodial branch at the end of the 
growing season of cotton grown at the PDREC in Florence, SC under two irrigation treatments and 
three planting dates in 2018 and 2019.   
   Horizontal Sympodial Boll Position 
Parameter Plant Height  Total Nodes 1 2 3 4+ 
 cm plant
-1 Nodes plant-1 ________________________________ Bolls m-2 _________________________________ 
 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 
Irrigation       
 
     
Irrigated 84 86 18 20 61 49 26 22 7 8 1 1 
Dryland 78 83 18 19 55 47 21 21 5 7 2 1 
LSD (0.05) 7 NS NS NS NS NS NS NS NS NS NS NS 
 
            
Planting Date 
            
Early 76 88 19 20 61 56 29 22 10 9 3 2 
Normal 80 89 17 20 65 48 24 25 4 10 1 2 
Late 87 75 18 19 47 41 17 17 4 5 1 1 
LSD (0.05) 7 13 1 1 13 7 5 3 5 4 2 1 
             
Genotype             
DP 1646B2XF 84 87 18 18 55 52 19 18 4 3 1 1 
PHY 881RF 76 82 18 20 57 47 22 23 4 9 1 2 
PHY 841RF 79 82 18 20 58 45 21 24 6 9 2 1 
P62 85 87 19 20 53 46 29 23 11 11 4 3 
DP 348RF 80 83 18 19 66 50 26 20 5 7 1 1 















Table 3.6 Vegetative growth characteristics measured at 70 (early bloom) and 85 (late-bloom) 
days after planting (DAP) in 2018 and 2019 of five cotton genotypes grown at the PDREC in 
Florence, SC.  Dry matter partitioning samples were collected from the early planting only and 
means are averaged over years and irrigation treatments.   
Genotype (G) 




Stem DW     
(g m-2) 
Leaf DW      
  (g m-2) 
























          
DP 1646B2XF 270 475 243 327 69 97 53 67 1.8 2.4 
PHY 881RF 242 374 219 305 51 81 58 71 
2.0 2.3 
PHY 841RF 247 400 215 320 51 89 56 71 
1.9 2.5 
P 62 252 438 223 339 57 98 55 72 
1.8 2.5 
DP 348RF 251 484 226 398 55 114 58 85 2.1 3.0 
           
LSD (0.05) NS 76 NS 58 17 17 NS 14 NS 0.5 
 
 
Table 3.7 Reproductive growth measured at 70 (early bloom) and 85 (late-bloom) days after 
planting (DAP) in 2018 and 2019 and end of season boll weights of five cotton genotypes grown at 
the PDREC in Florence, SC.  Dry matter partitioning samples were collected from the early 
planting only and means are averaged over years and irrigation treatments.  End of season 
individual boll weights were measured in 2019 at harvest time and are averaged over irrigation 
treatments and planting dates.   
Genotype (G) 
No. of Squares 
m-2 
No. of Bolls  
m-2 
Reproductive 
DW (g m-2) 
RVR (g g-1) 


















DAP At Harvest 
 
        
 
DP 1646B2XF 41 29 5 20 27 148 0.11 0.49 4.5 
PHY 881RF 31 31 3 12 23 69 0.10 0.23 3.2 
PHY 841RF 32 25 3 14 33 80 0.18 0.25 3.2 
P 62 45 47 5 23 29 98 0.13 0.31 4.0 
DP 348RF 26 33 3 15 26 86 0.12 0.22 3.0 
          







Table 3.8 Total boll number, boll location on the mainstem, and number of monopodial bolls 
produced by cotton grown at the PDREC in Florence, SC in 2018 and 2019.  Means for irrigation, 
planting date, and genotype treatments averaged over years. 
  Mainstem Nodes  
Parameter Total Bolls 1 to 5 6 to 10 11 to 15 16 to 27 Monopodial bolls 
_________________________________________ Bolls m-2 _________________________________________ 
Year       
2018 98 2 46 38 8 4 
2019 96 0 32 40 12 12 
LSD (0.05) NS 1 4 NS NS 2 
       
Irrigation       
Irrigated 102 2 40 40 12 8 
Dryland 92 2 38 38 8 6 
LSD (0.05) 8 NS NS NS 1 1 
       
Planting Date       
Early 104 2 46 40 12 4 
Normal 102 0 42 42 10 8 
Late 84 0 30 36 6 10 
LSD (0.05) 8 1 6 4 2 NS 
       
Genotype       
DP 1646B2XF 84 2 44 26 4 8 
PHY 881RF 100 0 36 44 12 8 
PHY 841RF 94 0 34 44 12 4 
P 62 106 2 44 38 10 12 
DP 348RF 96 0 38 44 10 4 










Table 3.9 Loan Value ($ ha-1) of five cotton genotypes in early, normal, and late planting dates 
when grown at the PDREC in Florence, SC in 2018 and 2019.   Means averaged over irrigation 
treatments and planting dates.  
Genotype (G) Early  Normal Late G*Y Mean 
G 
Mean 
 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean 2018 2019  
             
DP1646B2XF 1226 1470 1348 1164 1401 1283 996 1297 1147 1127 1389 1258 
PHY 881RF 885 1327 1106 1339 961 1150 1028 1127 1078 1085 1139 1112 
PHY 841RF 914 1243 1079 1067 731 899 1072 1228 1150 1018 1132 1075 
P 62 974 1273 1124 1038 922 980 771 934 853 929 1067 998 
DP 348RF 771 1310 1041 899 1048 974 887 1043 965 853 1043 948 
             
PD*Y Mean 954 1325  1101 998  951 1126  1002 2885  
             









FINAL CONCLUSIONS AND REMARKS 
 
 It is difficult to determine whether pima cotton is ready to be cultivated in the 
southeast US, however this study provided valuable insight for the success of pima 
cotton production in the future.  This study allowed for the identification of several 
promising pima genotypes that had adequate fiber quality and yield performance when 
grown in South Carolina’s environmental conditions.  Results from this study also 
suggested that irrigation is probably not necessary to produce pima cotton in the 
southeast US, and early planting is preferred to accommodate for time it takes pima to 
reach full maturity and achieve maximum yields.  It also appears that roller ginning may 
not be necessary as fiber length and strength were only significantly impacted for very 
few genotypes.  Through the objectives of this study we also found that when compared 
to higher yielding upland genotypes, some pima genotypes were able to achieve 
statistically similar or higher net returns when using the upland criteria for premiums and 
discounts. 
 More research is required to determine if pima cotton can be successfully 
cultivated in the southeast US.  Replicating these trials under more favorable and similar 
growing conditions between years would help to make stronger comparisons.  Also 
comparing the pima genotypes to more average upland varieties may reveal less 
significant differences in yield.  Breeding studies using the genotypes identified in this 
trial may help to improve the fiber quality of upland cotton, or the yields of pima cotton in 
the southeast US.  Blending studies could also be conducted by mixing the seed or 




with lower yielding pima genotypes that have high fiber quality, to try and improve yields 
and fiber quality of both.  Determining the influence of G x E interaction for the 










































The Impact of Harvest Method on Fiber Quality for 50 Saw-Ginned Cotton Genotypes 
Grown in Florence, SC in 2019 
 
Fiber Length (mm) Fiber Strength (kN m kg-1) Micronaire Uniformity (%) 
Genotype Machine Hand Machine Hand Machine Hand Machine Hand 
8327 34.2 33.4 396 399 4.0 4.2 85.1 84.7 
9075 34.4 33.7 380 397 3.9 4.0 86.1 86.7 
85414 32.6* 31.5 415 413 4.4 4.7* 84.9 86.0 
85424 32.2 32.8 389 401 4.4 4.6 82.9 83.8 
89590 33.0 33.0 405 408 4.2 4.4* 85.7 86.9 
7318-V 33.7 33.1 376 392 3.9 4.3* 85.0 85.4 
AFIFI 33.5 33.5 365 371 4.0 4.3* 85.3 86.2 
ASHABAD 8 35.2 34.9 373 385 3.9 4.0 86.4 86.2 
ASHABAD 11 34.9 35.0 391 400 3.5 3.7 86.4 86.7 
ASHABAD 1615 33.4 32.6 384 405* 4.6 4.6 85.0 86.1 
ASHMOURI 235 32.8 32.7 380 405* 4.2 4.6* 85.3 85.7 
ASSILI 35.8 35.0 457 475 3.7 3.7 87.2 87.4 
BARACAT 34.5 34.4 368 384 3.8 4.3* 85.8 86.4 
BLEAK HALL 39.3 41.5* 352 354 3.3* 2.6 83.3 84.5 
CNH-67 34.1 33.3 369 385 4.3 4.4 84.7 84.3 
DP 1646B2XF 30.9* 29.5 294 295 4.7 5.1* 84.3 84.5 
DP 348RF 33.5* 32.3 459 482* 3.9 3.9 86.5 86.3 
DP 358RF 34.1 33.1 442 467* 3.7 3.7 86.3 86.6 
E 14 33.6 32.8 401 425* 4.0 4.4* 85.7 85.4 
FAUDU 928 34.4 34.1 371 373 3.9 4.2 85.8 86.2 
GIZA 4 33.3 33.0 359 376 3.5 3.7 84.7 84.6 
GIZA 45 34.6 34.7 371 381 4.0 3.9 85.9 86.5 
GIZA 67 35.1* 33.9 394 417* 4.1 4.2 85.9 86.0 
GIZA 80 33.8 34.7 381 388 4.3 4.3 85.1 86.6* 
KARNAK 34.9 34.9 393 406 3.8 4.1* 86.0 87.1 
KARNAK 55 34.1 34.0 369 384 3.6 3.8 84.1 85.5 
MENOUFI 34.3 34.0 371 384 4.1 4.3 86.3 86.0 
P 62 31.6* 30.0 373* 348 4.2 4.9* 82.4 82.8 
P 65 35.9 35.2 417 428 4.1 4.2 86.5 87.2 
P 76 33.3* 32.2 436 419 3.9 4.1 85.8 84.4 
P 79 33.8 33.3 412 454* 4.2 4.4 84.5 86.3* 




PHY 444WRF 31.2 29.1 313 308 4.1 4.8* 85.8 85.1 
PHY 805RF 33.7 32.6 449 476* 3.9 3.8 86.4 86.0 
PHY 841RF 34.0 33.7 459 484* 4.1 4.4* 86.9 87.1 
PHY 881RF 35.0 34.0 450 470 4.0 4.0 88.4 87.3 
PILONIA 35 31.6 31.1 382 386 4.5 4.8* 83.3 83.4 
PIMA S4 34.0 34.0 386 411* 3.5 3.6 85.4 85.3 
PIMA S3 494 35.9 36.8 372 362 3.8 4.2* 85.7 86.7 
PIMA S3 K6514 30.6 30.7 342 354 4.4 4.5 82.9 83.6 
PIMA S6 498 33.0 32.8 368 394* 4.0 4.2 83.9 84.7 
PIMA S6 528 33.7 32.9 379 401* 4.0 4.0 85.7 84.9 
PUERTO RICAN SEA I. 34.1* 32.9 375 391 3.9 4.0 85.3 85.2 
RALEIGH STOCK 35.8 35.1 374 379 3.7 3.9 86.5 86.9 
S2 K4781 35.4 35.0 389 409* 3.7 3.8 87.3 87.4 
SEABROOK SEA I. 34.7 34.0 418 424 4.0 4.1 85.2 86.1 
STD 4 34.2 33.3 389 397 3.9 4.2* 85.8 85.9 
STD 5 33.2 32.6 399 413 3.9 4.0 83.7 85.5 
TADLA 116 492 34.0 33.9 372 380 4.1 4.5* 85.4 85.9 
TADLA 116 K7427 32.6 31.9 376 402* 4.5 4.8* 83.1 83.6 
Total 7 1 1 14 1 17 0 2 
Standard Error 0.38 0.47 6.97 7.81 0.08 0.11 0.51 0.49 
Trial Mean 33.9 33.4 388 400 4.0 4.2 85.3 85.7 
LSD (0.05) 1.2 1.3 20 22 0.2 0.3 1.40 1.38 
 






The Impact of Harvest Method on Lint Yield and Gin Turnout for 50 Saw-Ginned Cotton 
Genotypes Grown in Florence, SC in 2019 
 Lint Yield (kg ha
-1) Gin Turnout (%) 
Genotype Machine Hand Machine Hand 
8327 846 820 39.0 37.9 
9075 555* 515 33.9* 31.4 
85414 805 794 39.5 39.0 
85424 563 543 38.9 37.5 
89590 811 813 40.4 40.5 
7318-V 622* 586 35.3* 33.2 
AFIFI 641 630 35.6 35.0 
ASHABAD 8 596* 553 34.6* 31.8 
ASHABAD 11 701* 665 36.1* 34.3 
ASHABAD 1615 599* 560 32.9* 30.8 
ASHMOURI 235 664* 621 33.0* 30.9 
ASSILI 794* 766 38.3* 36.9 
BARACAT 599 575 36.9* 35.4 
BLEAK HALL 82 60 29.8* 20.5 
CNH-67 603 579 37.6* 35.9 
DP 1646B2XF 1856 1921* 47.0 48.7* 
DP 348RF 748 755 40.6 41.0 
DP 358RF 712 717 39.8 40.2 
E 14 838 837 38.5 38.5 
FAUDU 928 731* 702 33.6 32.4 
GIZA 4 856* 816 34.3* 32.5 
GIZA 45 545* 509 33.5* 31.3 
GIZA 67 710 687 37.6 36.4 
GIZA 80 657 640 35.7 34.7 
KARNAK 771* 743 34.8 33.6 
KARNAK 55 487* 452 34.8* 32.3 
MENOUFI 645* 609 35.3* 33.4 
P 62 786 826* 38.5 40.4* 
P 65 746* 709 40.0* 38.0 
P 76 724 714 38.7 38.2 
P 79 865 857 39.2 38.8 
PALMYRA 27 542 528 35.8 35.0 




PHY 805RF 850* 821 42.4 41.0 
PHY 841RF 800 785 42.5 41.8 
PHY 881RF 841 831 42.8 42.3 
PILIONA 35 562 557 35.4 35.0 
PIMA S4 679 673 35.6 35.4 
PIMA S3 494 553* 523 35.5* 33.6 
PIMA S3 K6514 584 559 38.2* 36.7 
PIMA S6 498 651 660 36.2 36.7 
PIMA S6 528 705 693 39.8 39.2 
PUERTO RICAN SEA I. 746 719 36.3 35.0 
RALEIGH STOCK 508 486 34.1* 32.6 
S2 K4781 512 494 36.4 35.1 
SEABROOK SEA I. 786 767 36.1 35.2 
STD 4 626 617 39.3 38.7 
STD 5 636 618 39.6 38.5 
TADLA 116 492 682* 644 35.0* 33.0 
TADLA 116 K7427 731* 695 37.4* 35.5 
Total 18 3 20 3 
Standard Error 44.1 43.9 0.42 0.61 
Trial Mean 714 697 37.3 36.1 
LSD (0.05) 123 122 1.16 1.69 
     






Boll Weights for 50 Cotton Genotypes Grown in Florence, SC in 2019  
Genotype Weight / Boll (g) Level of Significance 
PHY 444WRF 5.0 A 
DP 1646B2XF 4.2 B 
P 62 4.0 BC 
AFIFI 3.9 B-D 
GIZA 80 3.9 B-E 
PIMA S3 K6514 3.8 B-F 
PIMA S6 498 3.8 B-F 
ASHMOURI 235 3.7 B-G 
85414 3.6 C-H 
P 76 3.6 C-H 
P 79 3.6 C-H 
RALEIGH STOCK 3.6 C-H 
STD 4 3.6 C-H 
ASHABAD 1615 3.6 C-H 
8327 3.6 C-I 
7318-V 3.6 C-I 
STD 5 3.5 C-J 
GIZA 67 3.5 C-J 
PIMA S6 528 3.5 C-K 
89590 3.5 C-K 
GIZA 4 3.5 C-K 
CNH-67 3.5 D-K 
85424 3.4 D-K 
E 14 3.4 D-K 
9075 3.4 D-K 
KARNAK 55 3.4 E-L 
PUERTO RICAN SEA I. 3.3 E-M 
GIZA 45 3.3 F-M 
TADLA 116 K7427 3.3 F-M 
SEABROOK SEA I. 3.3 F-N 
ASHABAD 8 3.3 F-N 
PALMYRA 27 3.3 F-N 
P 65 3.3 F-N 
PHY 841RF 3.2 G-N 
MENOUFI 3.2 G-N 




KARNAK 3.1 G-N 
DP 358RF 3.1 G-N 
BARACAT 3.1 H-N 
ASSILI 3.1 H-N 
TADLA 116 492 3.1 H-N 
PILIONA 35 3.1 H-N 
FAUDU 928 3.1 H-N 
PHY 881RF 3.0 I-O 
S2 K4781 3.0 J-O 
PIMA S4 3.0 K-O 
PHY 805RF 2.8 L-O 
DP 348RF 2.8 M-O 
ASHABAD 11 2.8 NO 
BLEAK HALL 2.6 O 
   
Trial Mean  3.4  
Standard Error 0.2  
LSD (0.05) 0.5  






Breakdown of Dry Weights (g) for 5 Cotton Genotypes Grown in Florence SC in 2018 







Weight m-2 Closed Boll Wt. m-2 Square Wt. m-2 Wt. of Stems m-2 Wt. of Leaves m-2 
DP 1646B2XF 8 372.8 73.4 14.2 165.8 119.4 
DP 348RF 9 367.4 35.7 20.1 168.4 143.3 
P 62 7 345.0 44.3 19.6 154.6 126.5 
PHY 841RF 8 323.5 33.7 22.6 139.8 127.4 
PHY 881RF 8 308.0 28.6 17.5 132.7 129.3 
LSD (0.05) 2 59.4 15.7 NS 26 NS 
Standard Error 0.37 21.0 4.7 2.1 10.9 7.6 
 























The Impact of Ginning Method on Fiber Quality for 5 Cotton Genotypes Grown in 
Florence, SC in 2018 and 2019  
 
Genotype 
Fiber Length (mm) 
Fiber Strength  
(kN m kg-1) Micronaire Uniformity (%) 
Saw  Roller  Saw  Roller Saw  Roller  Saw  Roller  
DP 348RF 33.1 33.6* 420* 402 3.7 4.0* 85.4 87.2* 
DP 1646B2XF 30.7 30.5 307* 267 4.5 4.8* 83.4 84.7* 
P 62 32.2 32.5 369* 331 4.0 4.3* 83.3 84.7* 
PHY 841RF 33.7 34.2* 410* 389 3.9 4.2* 85.3 87.2* 
PHY 881RF 33.9 34.3* 416* 385 3.8 4.3* 85.5 86.8* 
         
Trial Mean  32.7 33.0 384 355 4.0 4.3 84.6 86.1 
Standard Error 0.16 0.15 5.3 3.9 0.04 0.04 0.2 0.2 
LSD (0.05) 0.58 0.65 41 13 0.1 0.2 1.9 2.1 
 
*, Significantly different from the other ginning method at the 0.05 level of probability. 
Data combined over years, irrigation, and planting date.  
